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GEOLOGY AND GROUND-WATER RESOURCES OF THE
GRANTS~BLUEWATER AREA, VALENCIA COUNTY, NEW MEXICO

By
Ellis D. Gordon
With Sections on Aguifer Characteristics
By H. 0. Reeder
and
Chemical Quality of the Ground Water

By 4. L. Kunkler

ABSTRACT

Ground water has been developed extensively for irrigation and indus-
trial use in the Grants-Bluewater area of north-central Valencia County,
N. Mex. About two-thirds of the nation's known uranium reserves are in
or near this area. The development of ground water has created many prob-
lemg; this repoxrt appraises the problems and their causes.

The principal aquifer in the area is formed by the Glorieta sand-
stone and the overlying San Andres limestone, which crop out on the
flanks of the Zuni Mountains and underlie the eastern two-thirds of the
area, Interbedded alluvium and basalt of Quaternary age form an aquifer
of secondary importance.

The Glorieta sandstone is less permeable than the San Andres, and
few wells tap it exclugively. The Glorieta transmits water to the over-
lying San Andres limestone, however, as pumping decreases the hydraulic
pressure in the San Andres., Well-connected cavernous zones and solution
channels have developed in the San Andres, and the transmissibility of
the limestone i3 great in most places.

The alluvium and basalt yield adeguate quantities of water for
stock and domestic use at most places and for irrigation and municipal
uge locally.

The first irrigation well was drilled in 1944, and the number had
incréased to 23 in 1951. The use of ground water for irrigation reached
a peak of 12,600 acre-feet in 1954 and has since decreased. Several of
the irrigation wells have been converted for industrial and municipal
supply, and ground water for these uses increased from 250 acre-feet in
1951 to 6,000 acre-feet in 1957. The total withdrawal stabilized at
about 13,000 acre-feet per year from 1850 to 1957,

Withdrawal of ground water has caused water levels to decline 40
to 45 feet north of the village of Bluewater and 18 to 20 feet from
Bluewater southeast to near Grants.




The largest yields ore obtained from wells penetrating both of the
major aquifers in the southwestern part of the Grants-Bluewater Valley
hetween Bluewater and Milan. The yields of wellg in that area range
apger o imat ety Foom SAHY Ve 2,200 gom (gallons per winute); the specific
capacitles of the wells thut were measured averaged 200 gpm per foot of
drawdown, The specific capacity of only one well that taps the alluvium
and basalt was determined; it was 31 gpm per foot of drawdown.

The chemical gquality of the water in both aquifers varies widely in
short distances. The quality of water yielded by a few wells that tap
the San Andres limesione has changed in the last decade; some water has
improved in quality and some has deteriorated, according to the proximity
of the recharge area. The agricultural utility of water from both agui-
fers generally is satisfactory, although the salinity hazard of water in
some areas 1s high. Water used for the municipal supply of Grants is too
hard and too saline to be desirable, and the sulfate concentration is
sufficiently high to impart an objectionable taste. The water of best
chemical guality is obtained from both aquifers between Bluewater and
Milan, where the largest average ylelds also are obtained.

INTRODUCTION

Surface-water irrigation of crops in the Grants-Bluewater ared, in
north-central Valencia County, N. Mex. {fig. 1), began about 1880. Water
for irrigation was obtained by the early settlers by diverting a part of
the flow of Bluewater Creek. Bluewater Dam was constructed in 1927 for
the purpose of developing a more dependable supply of surface water.,
Prolonged drought during the late 1930 's and 1940's greatly reduced the
amount of surface water available and led to the drillihng of tést wells
in a search for supplementary supplies of ground water. Surface water
was not available for irrigation from 18952 to 1857.  The flrst suCCess~
ful irrigation well was completed in 1944, and many others were. c mplefed
in succeeding years. Industrial development, stemmlng in 1arge'pa rom
the fact that two-thirds of the nation's known reserves of uranium e
lie within or near the Grants-Bluewater area, became 51gn1f1cant about _
1952, By 1956 the ground-water basin was in ﬁanger of belng overdeveloped..

Purpose and Scope of Investigation -

The Grants-Bluewater area was studied in order to evaluate the avail-
ability and quality of ground water and’ the probable effect of pumplng
upon water levels. This report presents the results of _j"'
of the ground-water resources and the’ geology oL the area'by the u. S.
Geological Survey in cooperation with the New Mexico State’ Englneer '
This is a part of a continuing program of 1nve5t1gat10n of the water re-
sources of the State.

Fieldwork consisted of establishing and maintaining a water-level-
recording gage on an obhservation well; ‘collecting data on domestic, stock,
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munieipal, indusirial, and irrigation wells; geologic mapping; compiling
acreages of irrigated lands; and collecting other related information,.
Aquifers were tested in a few places by controlled pumping of wells.
Data from the files of the Bluewater-Toltec Irrigation District and the
U. 8. Department of Agriculture, Soil Conservation Service, were studied.
Much information was obtained from well drillers and residents of the
area.

Previous Investigations

The geology of parts of the area has been described in several
garlier reporits. A list of those reports and other references appears
in "Selected References' at the end of this report.

The general features of the region were described by C. B. Dutton
{1885) in his report on Mount Taylor and the Zuni Plateau. 1In his
bulletin on red beds and associated formations in New Mexico, Darton
(1928a) included a section on the Zuni Mountains and the Zuni-Atarque
uplifts, wherein he outlined the stratigraphy of the area, described
the structural relations of the Zuni Mountains and the Gallup-Zuni basin,
and presented the logs of a few wells in the region.

Waring and Andrews (1935) of the U. 8. Geological Survey made a re-
connaissance of the ground-water resources of northwestern New Mexico in
cooperation with the Public Works Administration, and their report included
some data on the Grants~Bluewater area, The occurrence of shallow ground
water in stream gravel and deeper water in sandstone and limestone of
Pernian age was noted but was not investigated further. The depth to
water and the temperature and quality of water in several domestic wells
at Grants and Bluewater were described briefly. -

The geology and fuel resources of the sedimentary rocks in the up-
lands of the eastern part of the Grants-Bluewater area, in the vicinity
of Mount Taylor, were described by C. B. Hunt (1936). A generalized
structure~contour map of the New Mexico portion of the San Juan basin
included in that report illustrates the structure of the Zuni Mountains
and the Grants-Bluewater area and also indicates the location of major
faults.

The igneous geology and structure of the Mount Taylor volcanic field
were described by Hunt (1938) in considerable detail. The landforms and
drainage of the area near Grants are treated in his report, and the late
Tertiary and Quaternary history of the region is summarized. '

A reconnaissance of ground water in the San Jose-Bluewater Valley,
in the vicinity of Grants, was made by A. M. Morgan (1938) of the Geo-
logical Survey in cooperation with the Bureau of Indian Affairs, United
Pueblos Agency. Morgan briefly described the geology and hydrology of
the area. He considered the valley fill to be’ the principidl aquifer in
the valley. The gradient of the water table and movement of the water
in the valley fill were treated in the report. The locations of springs
in the vicinities of San Rafael, Grants, and Horace Springs were given,
and their relation to faulting in the area was treated.



A few years later, C. R. Murray of the Geological Survey made a re-
éonnaissance, in cooperation with the New Mexico State Engineer, of ground
water in the Bluewater area {Murray, 1945). He concluded that three
aquifers -— the basalt lava ('malpais”), the alluvium underlying the basalt,
- and the limestone and sandstone strata of Permian age ~- might yield ground
“'yater for irrigation. Murray suggested additional study of the hydrology
“and geology of the area to determine the source and movement of ground
“water and the potential yields of aquifers.

Personnel and Acknowledgments

i A program of well observation was established in the area by C. R.

"'Murray and C. 8. Conover in February 1946, The program, which included

the measurement of water levels in observation wells, the installation
‘of a recording gage in November 1946, and the collection of well data and
other information, has been continued by various personnel of the Geologi-
‘cal Survey in cooperation with the New Mexico State Engineer and has
provided many of the basic data used in compiling this report. Among
those who participated at various times in that phase of the investiga-
tion were U. N. Benge, F. E. Busch, W. L. Champion, G. R. Chenot, R. J.
Council, A. N. Nicholson, H. O. Reeder, R, E. Smith, and J. R. Willett.
‘J..-T.. Hollander worked, with some interruptions, on the investigation
from August 1953 to September 1955, Fieldwork was done at irregular
-intervals from August 1954 to November 1957.

Thanks are expressed to the many residents of the area who provided
information regarding their wells and to the well drillers who provided
well logs and other related data. F. W, Freas, G. P. Roundy, and A. R.
Card furnished much of the information regarding wells in the area.

G. 0. Bachman, C. T. Smith, R. E. Thaden, and E. S. Santos furnished
manuscript geologic maps for parts of the area. S. W. West mapped much

of the geology in the southeastern part of the Zuni Mountains and assisted
in compiling and checking the geologic map. F. E. Busch assisted in prep-
aration of the tables of well records and chemical analyses. W. D. Purtymun
assembled the data for the section on climate and assisted in compilation

of data for the geologic map.

The investigation was made under the general administration of A. N.
Sayre and P. E. LaMoreaux, successive chiefs, Ground Water Branch, U. S.
Geological Survey, and under the direct supervision of C. 8. Conover and
W. E. Hale, succesgive district engineers in charge of ground-water inves-
tigations in New Mexico.

The quality-of-water studies were made under the general supervision
of 8. K. Love, chief, Quality of Water Branch, and under the direct super-
vision of J. M. Stow, district chemist in charge of quality-of-water in-
vestigations in New Mexico.

Well-Numbering System

The system of numbering wells in this report, which is used generally
by the Geological Survey and the State Engineer throughout the State, is
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based on the common subdivision of public lands into sections. The well
number, in addition to designating the well, locates its position to the
nearest 1l0-acre tract in the land network. The well number is divided

by pericds into four segments. In this report, the first segment denotes
the township north of the New Mexico base line; the second denotes the
range west of the New Mexico principal meridian; and the third denotes
the section.

The fourth segment of the number, which consists of three digits,
locates the well in a particular 1l0-acre tract. For this purpose, the
section is divided into four quarters, numbered 1, 2, 3, and 4, in the
normal reading order, which designate the northwest, northeast, south-
west, and southeast quarters, respectively. The first digit of the fourth
segment indicates the quarter section, which usually is a tract of 160
acres, Similarly, the quarter section is divided into four 40-acre
tracts numbered in the same manner, and the second digit denotes the 40~
acre tract, Finally, the 40-acre tract is divided into four 1l0-acre
tracts, and the third digit denotes the l0O-acre tract. Thus, well
12.10.24.342 in Valencia County is in the NE}SEZSW1 sec. 24, T, 12 N.,

R. 10 W. If a well cannot bhe located accurately to a 1l0-acre tract, a
zero is used as the third digit, and if it cannot be located accurately
to a 40~acre tract, zeros are used for both the second and third digits.
if the well cannot be located more closely than the section, the fourth
segment of the well number is omitted. Letters a, b, c, etc,, are added
to the last segment to designate the second, third, fourth, and succeed- -
ing wells in the same l0-acre tract. The designation of a well location
should not be comnsidered to be the absolute location, as the section
lines and the well locations are not always accurately surveyed. Wells
listed in this report largely were located by automobile odometer and by
inspection of aerial photographs and are believed to he accurate W1th1n
0.1 mile,

The system of numbering sections within a township and of numberlngV
the tracts within a section is shown in figure 2, : '

Sections within o Township Tracte within ¢ Section
RIOW. Sec. 24

& 5 4 \€ 2 |

7 8 9 IO\ 1 12 | 2

el e ] s \14 13
24— N
Not™g | 20 | a1 | 22 | 23\| 24
~ O\
Wwell
30 | 2o 28 | 27 | 26 2\5 3

.
3l iz 33 34 | 35 36
™~

L“~ 8 miles \\\\-J !

1
Well 12.10. 24.

PIGURE 2, -- System of numbering wells in New Mexico.




GECGRAPHY

Location and General Features

3 _ The principal part of the Grants-Bluewater area, as described in
“this report, lies 80 miles west of Albuquerque in north-central Valencia
‘County, and a small part lies in southeastern McKinley County (fig. 1).
' The. area includes about 650 square miles.

_ The principal centers of population in the area are the town of

‘Grants and the villages of Bluewater, San Rafael, and Milan. The popula-

Pfi¢n.of Grants in 1950 was 2,251. The populations of Bluewater and San

- Rafael were not determined in 1950; however, the population of Precinct

- 16 (Valencia County) was 371, and most of this number lived in Bluewater.

" The.population of Precinct 17 (Valencia County) was 637, and most of this
number lived in San Rafael. Because of the development of extensive ura-
nium depeosits in the region, the population of the Grants-Bluewater area
has increased rapidly since 1950. The population of Grants in 1960 was
10,226, The village of Milan, adjacent to and wesi of Grants, was in-
corporated in 1957, and its population in 1960 was 2,645. "~The population

" of Bluewater and San Rafael in 1960 had not been reported at the time

Z- this.report was printed but it was thought that their population prob-

' ably had not changed materially since 1950. Several hundred people lived

in company-built houses adjacent to the Anaconda uranium processing mill

northeast of Bluewater and in various rural trailer courts in the vicinity.

In addition to the more permanent residents, large numbers of season-
al workers are employed in the area in truck-farming operations during
the.growing season. Most of these workers are from Indian reservations
in northwestern New Mexico and northeastern Arizona.

The main line of the Atchison, Topeka, and Santa Fe Railway follows
the valley of the Rio San Jose across the area. The line provides both
freight and passenger service and is a major rail link between the east-
ern United States and the West Coast., U. S. Highway 66 parallels the
railroad through the area.

The Grants-Bluewater area includes a broad valley and adjacent high-
lands on the flanks of the Zuni Mountains and the volcanic area surround-
ing Mount Taylor. The Zuni Mountains have a general altitude of 8,000
feet. Mount Sedgwick, the highest peak in the Zuni Mountains, rises to
an altitude of 9,256 feet, Rast of the area, Mount Taylor, 11,389 feet
- in height, is surrounded by flat-topped lava-covered foothills which lie

“. at altitudes of 8,000 to 9,000 feet, Mount Taylor rises about 3,000
- feet above the surrounding mesas and about 5,000 feet above the valley
of the Rio Ban. Jose. Sedimentary rock strata dipping northeastward from
the Zuni Mountains disappear beneath the alluvium in the valley at alti-
tudes from 6,500 to 6,600 feet. The northern and eastern parts of the
area are bounded by prominent escarpments of sedimentary strata facing
the valley. fThe principal irrigated area lies in the valley beiween
Grants and Bluewater at an altitude of 6,600 feet.




Haystack Mountain, a large flat-topped butte, is a prominent topo-
graphic feature a few miles north of Bluewater, and 5 miles east of
Prewitt. Uranium in commercial gquantities was first discovered in New
Mexico at Haystack Mountain in 1950,

Just south of Haystack Mountain, 5 miles north-northeast of the
Bluewater railway station, is a low volcanic cone known as El Tintero
{the inkwell or inkstand). This basaltic lava cone marks the source of
a broad hasalt flow that covers much of the valley area southward and
southeastward from Haystack Mountain to Toltec, & few miles northwest
of Grants. Other basalt flows, which emapnated from sources in the Zuni
Mountains, are exposed in the valley area from just west of Grants south-
eastward across Malpais Valiley and down the valley of the Rioc San Jose
to the vicinity of McCartys. A series of flat-topped mesas capped with
basalt are prominent topographic features north and northeast of Grants.
(See plate 2.)

The major part of the Grants-Bluewater area lies within the Rio San
Jose basin, The course of the Rio San Jose generally is southeastward
from the continental divide area near Thoreau to its confluence with the
Rio Puerco, 30 miles southwest of Albuquerque. The Rio Puerco in turn
is a tributary of the Rio Grande, The channel of the Rioc San Jose gen-
erally is dry, except immediately after heavy rains, Springs issuing
from the basalt and alluvium a few miles scutheast of Grants maintain a
small perennial f£low in the Rio San Jose in the southeastern part of the
Grants-Bluewater area,

Bluewater Creek, which heads in the Zuni Mountains north of Mount
Sedgwick, is the principal tributary of the Rio San Jose in the Grants-
Bluewater area. The creek flows northward to its junction with Azul
Creek, then eastward to its junction with the Rio San Jose. Bluewater
Dam was built in 1927 at the junction of Azul and Bluewater Creeks.
Prior to the completion of the dam, Bluewater Creek was =z perennial
stream as far as the mouth of Bluewater Canyon, 5 miles northwest of
Bluewater.

Prop, Pole, Limekiln, and Zuni are the principal canyons southeast-
ward from Bluewater Canyon that open into the valley areas along the
northeastern flank of the Zuni Mountains. Of these, Zuni Canyon is the
largest and most deeply incised. The Zuni Canyon road, extending through
the canyon southwestward from Grants, provides access to the Zuni Mountains.

The broad basalt-floored Malpais Valley is south of Grants. The
basalt flows emanated from volcanoes near the southeast end of the Zuni
Mountains and flowed eastward, then northward down Malpais Valley to the
Rio San Jose wvalley. A narrow tongue of basalt of Recent age lies along
the east margin of Malpais Valley and extends eastward a few miles along
the Rio San Jose valley to the vicinity of McCartys.

The Zuni Mountains form one of the most prominent features of the
region, an elongated asymmetrical dome trending northwestward. The up- -
1ift is 70 miles long and 30 miles wide, extending along the southwestern
side of the Grants-Bluewater area. '




A series of alternating cuestas and valleys have been formed by the
‘ ¢4ilted sedimentary strata. The steep faces of the cuestas are facing

D ipward toward the center of the uplifted area; long dip slopes facing

-_outward have been developed on the more resistant strata. Long valleys

. runnlng parallel to the main trend of the uplift have been created by
Ter051on of the less registant formations. Much of the Grants-Bluewater
area lies in such & valley that has been eroded into the less resistant
g;étrata of the Chinle formation. Dips in the sedimentary strata surround-
..ing the dome are somewhat steeper than the surface slopes.

Climate

s The Grants—Bluewater area is semiarid to arid, and the average an-
_nual temperature is about 50°F., Maximum summer temperatures exceed 100CF

'3_only rarely. Minimum winter temperatures occasionally may fall below 0°F.

'Moderate to strong winds are common during the spring. Sunny days are
'brévalent and the humidity usually is low. The daily range in tempera-
f~ture is great; the days are warm and sunny, and the nights are cool.
_Because. of considerable differences in altitude between the valleys and
_the mountains, temperature, precipitation, and evaporation rates vary
~widely in the general region. Annual precipitation at weather stations

" “'in the region is shown in figure 3.

Weather stations are maintained at Bluewater and at the airport
near Grants. The average yearly precipitation at Bluewater is 10.10

'__1nches and that, at Grangs is 8.31 incheg. . Precipitation presumably is

somewhat greater in the mountains and evaporation less than in the valley.

- Climatological data in the general region are given in table 1.

Approximately 70 percent of the total yearly precipitation in the
Grants-Bluewater area is concentrated in the period from May through

. 'féeptember July, August, and September usually are the wettest months.

”Mean monthly precipitation at Bluewater is shown in figure 4. The dis-
“tribution of rainfall is advantageous for growing crops, but the amount
of precipitation usually is inadequate and must be supplemented by ir-
. rigation.

= . Most of the precipitation during the summer ig in the form of rain
:ﬂaccompanylng scattered local thunderstorms; total yearly precipitation,
; therefore may vary widely from place to place in the valley. Snowfall
'durlng the wintér increases considerably with altitude. Some snow usu-
ally accumulates in the higher parts of the Zuni Mountains and on Mount

_- _ Taylor during the winter but melts in the early spring.

- A graph showing the cumulative departure from average precipitation
in the Grants-Bluewater area from 1896 to 1956 was prepared from records
of several weather stations in the region (fig, 5). It illustrates the
recurrence of wet and dry periods in the general vicinity. The record
indicates that precipitation was deficient from 1898 to 1903 und from
1912 to 1918. Precipitation was slightly above average in the period
1919-36. The years 1931-36 and 1940-41 were prevailingly wet. The
vyears 1942-56 generally were deficient in precipitation.
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Data on the rate of evaporation in the immediate area are not avail-
able, but the records indicate an average evaporation rate of 91.4 inches
per year from a special land pan measuring 6 X 36 x 36 inches at Gamerco
in western McEinley County, during the period 1922 to 1828.

The length of the growing season varies somewhat within the area.
The average date of the last frost (329F) at Bluewater is May 30, and
the average date of the first frost is September 23; the average length
of the frost-free segson in that vicinity, therefore; is 118 days. The
average date of the last frost at Grants is May 21 and that of the first
frost is October 12; the average length of the frost-free season in that
vicinity is 144 days. The duration of the frost-free season varies wide-
ly, however, from year to year.

Agriculture

The major part of the area is utilized for the grazing of livestock,.
Farming is restricted largely to the valleys ~- Bluewater Creek and Rio
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gan Jose in the vicinity of Bluewater and Grants and along the western
side of Malpais Valley in the vicinity of San Rafael. Some land in the
Rio San Jose valley in the eastern part of the area, near Horace Springs,
is suitable for farming. - Because of the low annual precipitation, sup-~
plemental supplies of water for irrigation are needed fos raising crops.

Much of the farmland in the valley is used for iruck farming. About
1,200 acres of land is planted to carrots each year. Other vegetables
raised include peas, lettuce, cabbage, and potatoes. About 1,500 acres
of land was planted to vegetables in 1857.

The principal feed crops are alfalfa, corn, grain sorghums, oats,
and barley. Most of the crops raised for feed are used locally. About
1,800 acres was planted to hay and other feed in 1957,

Settlers first moved into the Grants~Bluewater area in the 1880's
and began irrigation shortly thereafter, The early setilers obtained
surface water for irrigation by diverting a part of the flow of Blue-~
water Creek into community ditches., The flow of Bluewater Creek was
not controlled at that time, and the stream was perennial as far as the
mouth of Bluewater Canyon, a few miles northwest of Bluewater. The
creek was intermittent below the mouth of Bluewater Canyon, flowing only
during. spring runoff and after heavy rains on the watershed.

In order that the flow of the creek might be regulated, several
companies, such as the Bluewater Land and Irrigation Co. and, later,
the Bluewater Development Co., were organized. In 1894, a low earthen
dam was constructed on Bluewater Creek below its confluence with Azul
Creek, at the site of the present Bluewater Dam. This dam provided a
reservoir for storage of 20,000 acre-feet of water, but the amount stored
was insufficient for the needs of the area. The first earthen dam was
washed out in 1905. A second earthen dam, between 30 and 40 feet in
height, was then constructed on the same site, The second dam was washed
out in September 1909. Land in the valley again was irripgated by diver-
sion from Bluewater Creek for several years after the destruction of the
second earthen dam. The amount of land irrigated during this interval
varied from year to year but averaged from 2,000 to 2,500 acres per year.

The Bluewater-Toltec Irrigation District was organized in 1923 and
is still operative. The Irrigation District erected the present Blue-
water Dam in 1827. The structure, of reinforced concrete, is 80 feet
high, and provides storage of 45,500 acre-feet of water. Bluewater Creek
is used as the main canal from the dam to the upper end of the irrigated
valley, 6 miles downstream from the reservoir,

Four main canals were constructed in the valley. The canals were
intended originally to distribute water to 10,627 acres of irrigable
land in an area extending from the mouth of Bluewater Canyon southeast-
ward to the vicinity of Grants. Unfortunately, the irrigation system
was not entirely successful. Precipitation on the watershed above the
dam was not as great as had been anticipated, and the reservoir never
has been full. The water level wag only a few inches below the spillway
crest in 1841, but it was lowered by the siphon spillway. Runoff from
the watershed into the reservoir has been relatively light since 1841,
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Water was available only for a part of the irrigable land during
years of relatively heavy precipitation, and little or no water was
available for irrigation during dry years. The original 10,8627 acres
of land scheduled for irrigation had been reduced to 5,488 acres by
1948. The remainder of the land was permanently excluded from the dis-
irict, and all available water was reserved for the 5,488 acres.

Supplies of surface water for irrigation since 1944 have been avail-
able only in 1848, 1949, and 195Z. Moreover, the amount of surface water
available during these 3 years was sufficient to irrigate only 1,500 to
2,000 acres of land.

Summaries of the flow in Bluewater Creek during the period 1813-56,
the acres estimated to be irrigated by surface water in the Bluewater-—
Toltec Irrigation District, and the amount of surface water estimated
to have been applied to irrigated lands, are given in table 2.

Natural Resources and Industry

Ground water in the study area is used for irrigation, industrial,
municipal, stock, and domestiic purposes. Water is a renewable resource
to some extent and is often taken for granted; however, its importance
in the economy of the Grants—-Bluewater region can hardly be overempha-
sized,

The main industries of the area until recent years were ranching
and farming. Some income was derived from the tourist trade and from
small-scale logging operations. A sawmill just south of Grants provides
native lumber for the area.

Most of the land is utilized for raising livestock, except for the
irrigated lands in the valley. §Since about 1939, irrigated crops have
been vegetables primarily, and facilities have been constructed for wash-
ing, processing, and packing carrots and other vegetables.

The Grants-Bluewater area is now undergoing a change from a pre-
dominantly agricultural to a predominantly industrial economy. The
primary cause of this change was the discovery in 1950 and 1951 of large
deposits of uranium nearby. Exploratory work indicated that the deposits
were of considerable magnitude, Large deposits of uranium ore are now
being mined north and east of Grants in Valenciz County and in the Ambrosia
Lake area in southeastern McKinley County. Estimates of ore reserves
issued by the Atomic Energy Commission in 1957 indicate that 68 percent of
the presently known uranium reserves of the United States are in north~
western New Mexico, in the region north, east, and northwest of Grants.

In 1952, the Anaconda Co. built a large uranium-processing mill in
the valley just northeast of Bluewater in an area where ground water in
large guantities was available. The company drilled two large-capacity
wells and later purchased adjoining agricultural lands on which five
additional large-capacity wells were located.




Continued exploration foruranium led to mining in the Ambrosia Lake
area 20 miles north of Granis and indiczted the need for additional uran-
jum mills in the area. At - the end of 1897, two additional mills were
under construction 6 miles north of Grants by the Homestake Mining Co. in
partnership with various mining groups, and large mills were undexr con-
struction in the Ambrosia Lake area by Phillips Petroleum Corp. and by
Kermac Nuclear Fuels, Inc. The Dow Chemical Corp. constructed an alkali
terminal & few miles northwest of Grants for distribution of chemicals,
principally caustic soda and soda ash, to uranium mills in the area.

Most of the workers for both construction and mining operations live in
the Grants-Bluewater area.

Perlite mined on the south side of East Grants Ridge, a few miles
northeast of Grants, is processed in Grants. Production of the plant
in 1857 was estimated to be about 7%,000 tons. Pumice from the same
general locality was mined during World War II and was processed in the
mill a2t Grants. Fluorspar and copper have been mined from rocks of Pre-
cambrian and Permian age in the Zuni Mountains southwest and west of
Grants; however, these mines have heen inoperative for the past several
years,

Road metal for fill and surfacing has been obtained from several
beds of limestone and sandstone and from basalt flows in the area. Tim-
ber has been logged at various places in the Zuni Mountains and the Mount
Taylor area.

In order to house and provide necessary facilities for its large
labor force, Grants has expanded rapidly. 3Many new trailer courts have
peen developed in the vicinity and, in 1857, the village of Milan was
established just west of Grants. 'The Anaconda Co., constructed housing
for its employees in an area adjacent to the mill site, Auxiliary indus-~
trial concerns, such as mining-supply firms and concrete~products compan-
ies, have been established to serve the growing needs of the area.

GEOLCGY

The geologic formations exposed in and near the Grants-Bluewater
area range in age from Precambrian to Recent; however, not all the geo-
logic periods are represented.

The exposed rocks are sedimentary, with the exceptions of igneous
and metamorphic rocks of Precambrian age and basalt flows of lzte Ter-
tiary and Quaternary ages. Igneous and metamorphic rocks of Precambrian
age are exposed in the ceniral part of the Zuni Hountains along the south-
western margin of the Grants-Bluewater area. The exposed sedimentary
rocks range in age from Pennsylvanian{?) to Quaternary. Basaltic lava
flows of later Tertiary age cap high ridges and mesas in the area. Basal-
tic lava flows of Quaternary age are interbedded with alluvium in the
valleys,

A generalized stratigraphic section of the geologic formations,
their general physical character, and their general water-bearing char-
acteristics are shown in table 3, and the areal geclogy is shown in




-16-

plate 1. Although the major part of the Grants-Bluewater Valley lies

in Valericia County and the hydrologic studies were restricted to that
county, an adjacent part of McKinley County was included in the geologic
map in order to provide a more complete geologic setting.

Summary of Geologic History

The general region of the Zuni uplift apparently was high topograph-
ically throughout much of geologic time before the Pennsylvanian period,
The area then became low enough for deposition of sediments, and strata
of Pennsylvanian{?) and Permian age were deposited. After deposition of
the San Andres limestone, Permian in age, the region was uplifted and
eroded prior to the deposition of Triassic strata. This hiatus extended
through the latter part of the Permian period (post-Leonard time) to
about Middle Triassic time. A karst topography was developed on the San
Andres limestone in parts of the Grants—-Bluewater area during that period
of erosion, The San Andres limestone was removed by erosion in some parts
of the Zuni uplift east of Gallup, N. Mex., and strata of Triassic age
were deposited directly on the Glorieta sandstone., Drillers' logs of
irrigation wells in the Grants-Bluewater area contain numerous references
to sand, gravel, and silt in the San Andres limestone. These alluvial
materials probably were washed into solution chamnels in the limestone,
during the time that the San Andres was exposed to erosion. Other solu-
tion channels and cavities have remained unfilled. Drillers have reported
numerous wells in which drilling tools have fallen free in open cavities
in the limestone. These solution channels and cavities probably were
developed initially during the post-lLeonard erosional interval and were
enlarged further during later periods of erosion,

After the post-Leonard erosional interval, continental sediments
were deposited in Middle(?) and Late Triassic and Late Jurassic times.
Both marine and continental sediments were deposited in Late Cretaceous
time. The region was subjected to erosion at intervals during Early
Jurassic and Early Cretaceous times and has been subjected to erosion
since the end of the Cretaceous period. The Zuni Mountain area was up-
lifted sharply, and the sedimentary strata were folded and faulted at
that time.

Extensive basalt flows of late Tertiary age were deposited on bheveled
Cretaceous strata in the Mount Taylor area. Subseguent erosion reduced
the elevation of much of the surrounding land surface more than 700 feet,
so that the lava flows now cap high mesas. Erosion during the Quaternary
period extended downward 150 feet or more below the present valley level.
The early valleys have been partly filled by deposits of Quaternary allu-
vial material and basalt flows,

Structure
The Grants-Bluewater area is on the northeastern flank of the Zuni

uplift, an elongate, elliptical dome trending northwestward., Strata in
the central part of the Zuni Mountains have been uplifted vertically
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several thousand feet. Crystalline rocks of Precambrian age and sedi-
mentary strata of Pennsylvanian(?), Permian, Triassic, Jurassiec, and
Cretaceous ages have been exposed by erosion of the dome.

The sedimentary strata in the Grants-Bluewater area dip gently
northward to eastward into the San Juan basin and the Acoma-Laguna em-
bayment. The San Juan basin is a broad structural depression that ex-
tends northward for many miles in northwestern New Mexico and scuthwestern
Colorado. The strata usually dip from 2 to 5 degrees, but local differ-
ences in dip are common. In the eastern part of the area, near the
western margin of La Jara Mesa and southward through the eastern part of
Malpais Valley, the strata dip steeply eastward into the McCartys syncline,
a broad, shallow, northward-plunging fold that passes under the Mount
Taylor area and extends northward into the southern part of the San Juan
basin.

Geologic structures in the Grants-Bluewater area are related to the
uplift of the Precambrian core of the Zuni Mountains. The rocks of the
area are cut by numerous normal faults, Near the fault zones, consider-
able variation in dips of strata and changes in direction of dip have
resulted from drag along the faults.. Many of the faults are en echelon,
and the relations of individual faults within the fault zones usually
are complex. . Displacements along the faults usually are small, from a
few feet to a few tens of feet. BSome of the faults, however, extend for
several miles and have displacements of several hundred feet (fig. 6).

FIGURE 6. ~-~ Fault scarp and exposed strata at mouth of Bluewater
Canyon, at the upper end of the Grants-Bluewater Valley. View
northwestward and northward from a point one-fourth mile south-
east of the mouth of the canyon, in the SW} sec. 8, T, 12 N,,
R. 11 ¥W., Valencia County, N. Mex.
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Geologic Formations

Precambrian Systenm

Igneous and metamorphic rocks of Precambrian age are exposed in the
central core of the Zuni Mountains in the southwestern part of the Grants-~
Bluewater area., These rocks consist of granite, gneiss, metarhyolite,
schist, and greenstone. They have been folided, faulted, and metamorphosed,
and are overlain by sedimentary strata of Late Pennsylvanian{?) age.

The water-bearing properties of the Precambrian rocks were not de-
termined, but they are too deeply buried to be considered as a source
of water for most of the Grants-Bluewater area.

Pennsylvanian(?) System

Conglomerate, arkose, shale, and limestone immediately overlying
the igneous and metamorphic rocks of the Zuni Mountains have been desig-
nated as Pennsylvanian(?) in age. These rocks are as much as 125 feet
thick in the southeastern part of the mountains, but they wedge out to
the northwest in the mountains. The section of Pennsylvanian(?) rocks
thickens eastward and northeastward from the Zuni uplift., Impure arkosgic
lenses of limestone containing pre-Wolfcamp fossils occur within the con-~
glomerate and arkose. Thompson (1942) stated that these lenses probably
are equivalent in age to the Virgil series (of Late Pennsylvanian age).
The lenses of limestone in gome places immediately overlie the igneous
and metamorphic rocks but generally lie 40 to 50 feet above the hase of
the formation, The beds of conglomerate and arkose contain pebbles and
boulders of the Precambrian rocks common to the locality. Although the
contact is poorly exposed, the unit apparently grades conformably into
the overlying Abo formation,

Strata of Pennsylvanian{(?) age are not shown on the geologic map
{pl. 1) of the Grants-Bluewater area. Limestone and conglomerate assigned
to the Penngsylvanian(?) system (N. Mex. Geol. Soc., 1951, p. 30) crop out
in an area 2 miles west of the head of Zuni Canyon but have been included
with the Abo formation on the geologic map. TFoster (1957, p. 66) reported
that 175 feet of strata of possible Pennsylvanian age were penetrated in
the Tidewater No. 1 Mariano well, in sec, 8, T. 15 N., R, 13 W., a few
miles northwest of Thoreau, N. Mex., and that the Larrazolo No. 1 Gottlieb,
in sec. 21, T. 10 N., R. 9 W., penetrated 480 feet of Pennsylvanian beds.

The strata are buried'deeply in most of the feport area, and their
water-bearing characteristics were not determined.

Permian System

Sedimentary strata of Permian age, 1,500 to 2,000 feet thick, under-
lie the Grants-Bluewater area. The sirata are assigned, in ascending
order, to the Abo, Yeso, Glorieta, and San Andres formations. The forma-
tions are well exposed in the central part of the Zuni Mountains northwest
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of the head of Zuni Canyon and in the walls of the numerous canyons drain-
ing the.northeast flank of the uplift.

Abo Formation

The Abo formation is exposed widely in the central part of the Zuni
uplift. It is composed of dark brick-red to reddish-brown arkesic or
gquartzose sandstone zand siltstone and numerous layers of conglomerate
in the lower part of the formation. Fossils are sparse. The most common
fossils are impressions of reeds and other marsh-type vegetation. Bedding
is predominantly slabby; crosshedding is prominent in the lower part of
the formation, and evenly bedded layers are more numerous in the upper
part. The Abo appears to be overlain conformably by the Yeso formation
in most places, although a few inches of relief is apparent at the top
of the formation in some exposures, The Abo ranges in thickness from
500 to BOO feet in the Zuni Mountains and is somewhat thinner in the area
southwest of the Zuni Mountains. Logs of o0il tests indicate that the Abo
is 450 to 500 feet thick in this area. The Abo is 780 feet thick in a
section measured by C. B..Read at the upper end of Cottonwood Canyon, 12
miles south-southwest of Thoreau, N. Mex. The measured section is pre-
sented on page 20.

Because the Abo formation is buried deeply beneath the Grants-
Bluewater area, little is known of its water-bearing properties. The
beds of silty sandstone and sandstone probably would yield adequate
quantities of watér to wells for stock and domestic use in favorable
localities. The formation has not been tested, however, because of the
availability of water in overlying strata.

Yeso Formation

The Yeso formation crops out in a band surrounding the central core
of the Zuni uplift. The upper part of the formation in the Grants-Bluewater
area is exposed in the walls of the deeper canyons incised into the strata
of Permian age on the northeast flank of the uplift. The formation is
well exposed in the upper part of Zuni Canyon, west of Grants. The upper-
most beds of the formation are exposed at the lower end of Bluewater Canyon
and southward from the canyon along the fault scarp.

The Yeso formation, which is shown as a unit on the geologic map
(pl. 1), is divisible into two members in this region., The lowermost
member, the Meseta Blanca sandstone, is a crossbedded, fine-grained,
quartzose sandstone that weathers to massive rounded ledges. The basal
part of the member in places is composed of a few feet of thinly bedded
brownish-red siltstone. The sandstone usually is reddish brown and
commonly is pinkish brown to orange in weathered exposures. The member
ranges in thickness from 100 to 150 feet. Much greater thicknesses have
been reported by some geologists in the region. The discrepancy in re-
ported thicknesseg may be due to the gelection of different points for
the contact between the Meseta Blanca and the underlying Abo formation.
The Meseta Blanca sandstone member is 102 feet thick in a section meas-
ured by C. B, Read and A, A. Wanek in the Zuni Mountains at the upper
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end of Cottonwood Canyocn, 12 miles south-southwest of Thoreau, N. Mex., a
short distance west of the Grants-Bluewater area. The section follows.

Section of Permian rocks measured by C. B. Read and A. A. Wanek
at the upper end of Cottonwood Canyon, in secs. 4, 8, 9, 16, and 17,
T. 12 N., R. 14 W., Valencia County, N. Mex,

Upper Triassic system: ' Thickness
Chinle formation: (feet)
Shinarump member:
Conglomerate; 'unit not measured.
Unconformity.
Permian system:
San Andres limestone ............ Crei s e ae e e s 50
Limestone, siliceous, light~brownish-gray to
grayish-orange-pink, medium- to thick-bedded,
evenly bedded, fossiliferous, weathers in verti-
cal cliffs. Upper part of unit is crystalline,
lower part of unit moderately silty. Apparently,
an ancient karst topography was developed on
surface of the limestone member. The member is
locally absent owing to pre-Triassic erosion.
Thickness measured ......coveesesns s iae e 50
Glorieta sandstone .,....... e erenaas et e, 280
Sandstone, grayish-orange-pink, fine-grained,
cross—laminated, medium- to thick-bedded, well
cemented with calcium carbonate, weathers in
irregular to vertical cliffs .....ieiiunnens .e...190
Sandstone, grayish-pink, very fine- to fine-
grained, thin- to medium-bedded, moderately
argillaceous, cemented with calcium carbonate,
abundant ferruginous pitting; weathers in irreg-
nlar cliff .. it i i st r e i Cieenen 100
Yeso formation ...c.eirceonsnaseran Cra e et ren 412
San Ysidro member (310 feet):
Sandstone, pale-red to pale-reddish-orange,
fine-grained, argillaceous, evenly bedded,
thin- to medium-bedded, cemented with ferric
oxide and calcium carbonate, weathers in
regular slope. Unit poorly exposed ........ 30
Limestone, light-brownish~gray, evenly
bedded, thin-bedded, granular, well-
jointed; weathers in vertical ledges ....... 1
Sandstone, pale-red, fine-grained, argil-
laceous, thin-bedded, minor thin siltstone
beds intercalated in sandstone, cemented
with ferric oxide and calcium carbonate,
weathers in irregular cliffs .......c.c00... 22
Sandstone interbedded with siltstone, pale-
* reddish-brown, fine-grained, argillaceous,
evenly bedded, thin- to medium-bedded, ce~
mented with ferric oxide and calcium car-
honate, weathers in irregular slopes ....... 48
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gection of Permian rocks (continued)
- Thickness
(feet)
Permian system {continued)
Yeso formation (continued)
San Ysidro member (310 feet) (continued)

Limestone, silty, light-brownish-gray,
granular, evenly bedded, thin-bedded.

Limestone contains small vugs of crypto~
crystalline calcium carbonate, Weathers
in vertical cliffs ......iviivnvensnnnaassans 9

Siltstone interbedded with shale, yellowish-
gray, very fine-grained, even to crinkly
bedded, thin- to medium-bedded, cemented
with calcium carbonate; thin lenses of
silty limestone interbedded with shale.
Weathers in irregular ledges ............. .. 10

Sandstone interbedded with siltstone,
grayish-orange~pink with some light-gray
banding, fine-grained, argillaceous, evenly
bedded, thin-bedded, cemented with calcium
carbonate, OQOccagional beds of sandstone are
crosg-laminated. Weathers in irregular
slopes. Unit poorly exposed .....ve,c0vven.. B4

Limestone, siliceous, olive-gray to light-
brownish-gray, granular, thin- to medium-
bedded, well-jointed, silty partings in
limestone beds, abundant vugs of crystalline
calcium carbonate, weathers in irregular
1edZeS . ivcivriranarnnsenncararerassrenarens 10

Sandstone interbedded with siltstone, light-
brown to reddish-brown, evenly bedded, thin-
to medium-bedded, very fine- to fine-grained,
argillaceous, cemented with calcium carbon-
ate and ferric oxide deoxidation mottling
common; unit weathers in rolling slopes.

Unit poorly exposed .ii.ierscensavircinscaaa.llB
Meseta Blanca member (102 feet):

Sandstone, reddish-brown, very fine- to fine-
grained, argillaceous, thick-bedded to mass-
ive, weakly cemented with calcium carbonate
and argillaceous materials; weathers in
rounded or domed cliffs .....aeiivenieesara,. 102

Abo LOTHMATION . .ivitiinienennnortossesennssenrsassarneais 780

Sandstone interbedded with siltstone, reddish-

brown to pale-reddish-brown, evenly to irregu-

larly bedded, thin- to medium-bedded, very fine-

to fine-grained, with occasional medium-grained

sandstone beds; argillaceocus, cemented with

calcium carbonate and ferric oxide deoxidation

mottling very common; weathers in slopes. Poorly

EXPOSEH ittt et ittt et etse st asetsaaransnanesa3lE
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Section of Permian rocks (continued)

Permian system (continued)
Abo formation {continued)
Sandstone, reddish-~orange with grayish-pink
mottling, fine-grained, argillaceous, evenly
bedded, thin-bedded, cemented with ferric oxide
and calcium carbonate; surface markings include
rain pits, slime marks, and abundant ripple
marks; weathers in regular slopes ......c0v00resn 71
Sandstone interbedded with siltstone, reddish-
orange with some pink banding and mottling, very
fine- to fine-grained, argillaceous, evenly-
bedded with occasional cross—laminated beds,
cemented with calcium carbonate and ferric oxide;
surface markings include rain pits, worm bor-
ings(?), and ripple marks; weathers in irregular
SUrfaCES . iiivisrenasesennssvssnasnsornanssusassslld
Sandstone, with intercalated lenses of lime-
pellet conglomerate; fine- to medium-grained,
reddish-orange to reddish-brown, evenly bedded,
with occasional cross-laminated beds, abundant
ripple marks, cemented with ferric oxide and
calcium carbonate; weathers in irregular ledges . 23
Sandstone interbedded with lenses of lime-pellet
conglomerate; fine~ to coarse-grained, sub-
arkosic, reddish-brown cross-laminated beds in-
tercalated with evenly bedded strata; thin-
bedded, cemented with calcium carbonate; weathers
in irregular ledges .ciievrses e
Sandstone, interbedded with siltstone, very fine-
to fine-grained; argillaceous, reddish-orange,
evenly bedded, thin-bedded, cemented with calcium
carbonate and ferric oxide, abundant ripple marks
and deoxidation spots; weathers in regular
SlOPES tiuseinssssssssoansacocnasnssaarcasaasssessl3B
Sandstone, interbedded with siltstone and occa-
sional lime-pellet conglomerate beds; argilla-
ceous, very fine- to fine-grained, reddish-brown,
evenly bedded strata with occasional cross-
laminated beds, thin- to medium-bedded; cemented
with ferric oxide and calcium carbonate; abundant
deoxidation spots and ripple marks; weathers in
rolling Slopes .eieevesncnveersorsssansannsansns 109
Conglomerate, grayish-pink, coarse-grained arkosic
matrix with cobbles and pebbles of quartzite and
gneiss, argillaceous, evenly to irregularly
bedded, thin- to medium~bedded, cemented with
calcium carbonate; weathers in irregular ledges . 3

Thickness
{feet)
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section of Permian rocks (continued)

- Thickness
(feet)
Unconformity.
Precambrian system:
Gneisses and quartzites. Amount of relief on Pre-

cambrian erosion surface not determined. Thickness

of exposed section not measured.
Total thickness of strata measured ......veveevvrivarnnansas 1,532

The upper member of the Yeso formation, the San ¥sidro member,
is composed of evenly bedded, fine-grained clayey sandstone and
siltstone from 250 to 350 feet thick, The sandstone and siltstone
are similar in composition to the Meseta Blanca sandstone member but
are composed of rather poorly sorted materials. The sandstone is pre-
dominantly red or pinkish red, with thinner yellow or white layers.
The interbedded siltstone is orange to red. The lower part of the San
Ysidro member usually contains two or three beds of limestone and rarely
a fourth bed. The lowermost limestone commonly is 40 to 50 feet above
the base of the member. The beds of limestone range in thickness from
6 to 12 feet, are bluish gray, and are thinly bedded. The second lime-
stone above the base ugually is somewhat fossiliferous; a few bryozoa
and brachiopods have been found in this limestone. The beds of limestone
are separated by beds of varicolored siltstone, sandstone, and mudstone,
usually 40 or 50 feet thick, that are predominantly orange brown or red.

The San Ysidro member grades upward from the rather poorly sorted,
predominantly red sandstone and siltstone into white to buff-colored
well-sorted sandstone of the overlying Glorieta sandstone. Choosi of
the contact must be arbitrary in many places and may result in'coﬁ,uﬁerm
able difference in estimated or measured thickness of both the Yesbiand
Glorieta formations. A section measured by R. E. Smith near the mouth
of Bluewater Canyon included 32 feet of beds assipgned to the upper part
of the Yeso formation. The measured section is given on page 24.

The term "Yeso," the Spanish word for gypsum, was applied to the
Yeso formation because of the gypsiferous strata at the type locality
in Socorro County, N, Mex., and at many other places throughout the re~-
gion. Only moderate quantities of gypsum have been observed in outcrops
in the Grants-Bluewater area. Streaks and thin layers of gypsum inter-
bedded with the siltstone have been logged in some of the test holes and
wells in the area, and some of the strata in the upper member of the Yeso
are cemented with gypsum in some localities.

The Yeso formation yields water to stock and domestic wells and
springs and to & few irrigation wells. (See tables 4 and 5.)
Glorieta Sandstone

The Glorieta sandstone, formerly considered to be a member of the
San Andres formation, recently has been raised to formational rank (Dane
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and Bachman, 1857). The Glorieta is well exposed in Bluewater Canyon,
Zuni Canyon, and several other canyons along the northwest flank of the
Zuni Mountains., The unit is exposed extensively on some of the higher
slopes south of Zuni Canyon. The sandstone, containing flecks of limonite
in many places, usually is well sorted, medium grained, white to light
gray or bufi, and may be alternately crossbedded and evenly bedded.
Weathered exposures usually are yellow to light brown. The lower part

of the formation usually is soft and friable; the upper strata may Dbe

very hard in places because of cementation with silica.

The Glorieta sandstone ranges in thicknesgs from 125 to 300 feet.
The thickness of the formation is difficult to determine in many places
because of a gradational contact with the underlying Yeso formation.
The contact between the Glorieta and the overlying San Andres limestone
also is gradational in places, particularly in the southern part of the
area where a zone of alternating beds of sandstone and limestone form
the contact.

The Glorieta sandstone ig 150 feet thick in an exposure in the south
wall of Bluewater Canyon, a quarter of a mile above the mouth of the
canyon, as measured by R. E. Smith of the Geological Survey. A total
thickness of 346 feet of strata of the Yeso, Glorieta, San Andres, and
Chinle formations {(fig. 6) was measured by Smith, as follows.

Section measured by R. E. Smith, a guarter of a mile above
mouth of Bluewater Canyon, on the south wall, in 8W% sec, 5,
T. 12 N., R. 11 W., Valencia County, N. Mex.

Thickness
{(feet)
Triassic system:
Shinarump(?) conglomerate (lower Chinle formation of
this TePOTL) tvvnersasearnnasrssonssnssanasraroneossess 17.5
Sandstone, conglomeratic, dark-red ..........0..... 17.5
Permian system:
San Andres limeStONe ...vvuvesveeessevsanenes e . 145.5
Upper limestone member (97.5 feet)
Concealed ... ...iiiuiinvnnsnreannas seenasanas 17,5
Limestone, light-gray on fresh surface, gray
on weathered surface, massive, compact ..... 80

Middle sandstone member (18.2 feet)
Sandstone, lower 4 feet friable, top 12.7
feet partly concealed .....iiviereensnenns ven 18,7
Concealed .iivrieecnnersansnan fesasenns
Lower limestone member (29.8 feet)
Limestone, as above. Top portion of this

unit partly concealed .......... Cheaar e . 5.8
Sandstone, light-yellow on fresh surface,
forms recess, thickness varies ......... vena .6

Limestone, as above .....cviviierrnninncas vares 4.4
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Section a quarter of a mile above mouth of Bluewater Canyon (continued)

Thickness
(feet)
Permian system (continued)
San Andres limestone (continued)
Lower limestone member {(29.8 feet) {(continued)
Sandstone. Top 0.5 foot light-gray on fresh
suriace, overlying a well-cemented medium~
to fine-grained layer with a light-pink
cast, Layer of argillaceous sandstone with
greenish-yellow tint about 0.3 foot above
bottom of bed ....viiiireiiarenssasnasasecesr 3.8
Limestone, as above ...... cevsacenanas vesrsar 15.2
Glorieta sandstone .....eiiusioncaceerasrassnnssrsnnnan 150.8
Sandstone, white on fresh surface, resistant to
weathering. Top 0.2 foot consists of a more
friable seam with undulating upper and lower
SUrfACEeS uuiivsierosssacncaaasvsannasosrossssssnnas 1.2
Siltstomne, argillaceous, gray, poorly cemented ... 2.0
Limestone, light-purple on fresh surface,
. Undulating upper and lower surfaces ....... - 1
Siltstone, medium-grained in upper half.
Olive~green in lower half., Argillaceous .... 1.0
The above three beds form a recess or talus
slope.
Sandstone, light-yellow on fresh surface, medium-
grained, cliff~fOIMing ..ccvseeisescnsnsacnscances 16
Sandstone, red on fresh surface, massive, medium-
grained ....ueeienrrearar et s sanssssasesnessense 15,1
Siltstone. Upper part dull yellow and contains a
few concretions which are iron stained and have a
limonitic center; lower part argillaceous and
olive-green. Red, well-cemented sandstone about
0.04 foot thick occurs 0.04foot above base of bed 1.4
Sandstone, light-pink on fresh surface, massive,
resistant to fairly s0ft (ieeviiiriisiitnrnaanne-s 8.1
Sandstone, light-yellow to pink on fresh surface,
poorly cemented ...aiiccsssnatrsnsanasrrisarassans 2
Sandstone, light~pink, massive .....veeiiviivnraes. 3.
Sandstone, upper and lower parts greenish-yellow;
middle part mottled pink and dirty white and more
resistant to weathering ..cosessnessnccsssrensens 3.5
Sandstone, medium-fine-grained. Middle portion
evenly bedded and well cemented. Middle portion
and top 1 foot pink on fresh surface, rest of bed
light yellow on fresh surface .....vevivcereevase 11.3
Sandstone, dirty-white to yellow on fresh surface,
poorly cemented .....ivirstercriiaratrcsnssiasesas 2.8
Siltstone, argillacecus, olive~green, poorly
‘cemented .....cnvrsrerrerscataerrnsrrrraraensnns 1.0
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Section a gquarter of a mile above mouth of Bluewater Canyon {continued}

Thickness
(feet)
Permian system (continued)
Glorieta sandstone (continued)
Sandstone, light-yellow on fresh surface, fine-
grained, resistant to weathering .......... ... .o 3.0
Sandstone, dirty-white on fresh surface, fine-
grained, poorly cemented, forms recess .......... 1.2
Sandstone, light~yellow on fresh surface, fine-
grained, MASSIVE +.vverarnrsrsarossansnnranssseas 6,0
Sandstone, light-yellow to pink, poorly cemented;
in places forms a deep YECESS .uviaveresasvrsnsssss 1.5
Sandstone, light-yellow on fresh surface, massive,
medium-fine—-grained .....c00vin.- virsreracrasenss 9.6
Yeso formation (only top part exposed) ...iuvverearesnos 32.4

Sandstone, alternate well- and poorly-cemented

layers, medium-fine-grained. Well-cemented

massive layers. Light-yellow layer at top of

beds ........ i £ 8
Sandstone, argillaceous, dark-red, poorly cemented 2.0
Sandstone, red-yellow toward top, fine-grained,

resistant to weathering, massive .....vevieevraner 2.2
Sandstone, dark-red, fine-grained, poorly
cemented.

Powdery white streaks toward top ......eveese
Sandstone, pink, poorly cemented .......c00000u00a
Siltstone, argillaceous, dark-red ..........0cuunn .
Sandstone. Top 0.07 foot white and calcareous,

middle 0.2 foot dark red, basal 0,03 foot white . +3
Sandstone, red, well-cemented, evenly bedded ..... 1.8
Sandstone, evenly bedded. Generally less resist-

ant than overlying and underlying beds. Top 0.4

foot white, middle 1.0 foot red, and basal 0.2

foot white; these thicknesses vary .........e0... 1.8
Sandstone, light~yellow to almost white on fresh
surface, medium-fine-grained, resistant to weath-
ering, crossbedded .........cciitiiscrinrncsareanrs D.8
Sandstone, red, calcareous, medium-grained,
crossbedded.

Some portions light yellow and more resist-

ant to weathering. Base concealed, exposed
thicKkness ... ieiirstrestitatrncsnsnssnrssnss D.2

Total thickness eXpOSea ..vsivuircriessosttstatsatnsstnsnrsonss 346.2

The Glorieta sandstone and San Andres limestone together constitute
a single aquifer. Generally, however, the Glorieta yields less water than
the San Andres. The Glorieta in most places yields adequate quantities
of water for irrigation, industrial, and municipal supplies. (See table
4.)




San Andres Limestone

The San Andres limestone is exposed widely in the canyon walls and
on the dip slopes along the northeast flank of the Zuni Mountains and
along the edge of the valley southwest of the railroad between Grants
and Bluewater. The formation is well exposed in Bluewater Canyon be-
tween Bluewater Dam and the mouth of the canyon, and aleng the road
through Zuni Canyon.

The San Andres may be divided into three units in the Grants-
Bluewater area. The lower unit is composed of a massive bluish-gray
limestone that is somewhat dolomitic,sandy in the basal part, and
sparsely fossiliferous. The basal part of this unit in places consists
of interbedded sandstone and limestone. The limestone ranges in thick-
ness from 20 to 40 feet. A light-gray to yellowish-buff sandstone, which
ranges in thickness from 15 to 30 feet, overlies the lower limestone.

The sandstone is medium grained, fairly well sorted, friable, locally
crosshedded, and in part cemented with calcium carbonate. The upper
unit of the San Andres is composed of massive, gray, fossiliferous lime~
stone that ranges in thickness from 60 to 100 feet. The upper part of
this limestone unit is cherty in many places and may be pink. In some
places, 85 in the area northeast of Bluewater, the upper part of the
unit is very sandy and locally may be classified as a sandy limestone

or calcareous sandstone. The log of a well in the SWISWiNE} sec. 24,

T. 12 N.,, R. 11 W., indicates that the upper 32 feet of the formation

is a calcareous sandstone. The log, which is based on descriptions of
cores from the lower part of the test hole, is given in the following
table. ILogs of other wells that tap the San Andres are given in table 6.

Log of test hole 12.11,24.233
(The Anaconda Co. Water Well No. 2)

Drilled with hydraulic-rotary drill from the surface to 143 feet,
and with core drill from 143 feet to the bottom. Descriptions of samples
above 143 feet not available; descriptions of samples below 143 feet are
generalized from core log.

Thickness Depth

(feet) {feet)
Quaternary system;
Valley fill:
Basalt ...viiniiiitritiirrettateataaeaaaaa . 85 85
Alluvial £ill; conglomerate at base of basalt _ 10 95

Triassic system:
Chinle formation:

No description given ......c004.. Ceeeseaerana 48 143
Shale, variegated dark-purple to blue, lo-

cally yellowish-brown; iron oxide stains,

Very DroKen ....seuivseiressinocnnancnsasassse 11 154
Sandstone, clear subrounded quarts grains

with highly calcareous cementation; con-

tains irregular partings of green and

purple shale, occasional fragments of dark-

colored chert, and some mica along bedding

Planes ......cveriinnanns Cerres it e e e 7 161
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log of test hole 12,11.24.233 {(continued)

Thickness
(feet)
Triassic gystem (continued)
Chinle formation (continued)

Shale, bluish-maroon, dark-purple, and

bluish-green, badly broken, a few dark-

colored chert pebbles and quartz pebbles as

much as 3/4~inch in diameter ........ feeeens 19
Sandstone, medium-gray, fine- to medium-

grained, locally calcareous, micaceous ..... 9
Shale, green, with interbedded sandstone as

above; more shaly in lower part .........s4. 7
Shale, bluish-green, locally sandy .......... 22
Shale, very sandy, dark-maroon, transitional

to shaly sandstone in lower part ........... 8

Sandstone, medium-grained, clayey, light- to
dark-maroon, loecally slightly calcareous,
PEhbly BDPEATANCE ....verescnnsasensrvsnsns . 15
Shale, dark-marcon, massive, slightly cal-
careous, sandy in lower part, pale-green in
basal 1 £00L ...t iirnieiitnnroseannsrsnnanns 21
Permian system:
San Andres limestone:
Upper member:
Sandstone, highly calcareous, medium=-
to fine-grained, grayish-white, mass-
ive, pyrite inclusions; thin inter-
bedded light-green sandy shale., Lower
2 feet is brown and tan, heavily iron-
stained, appears to be a water
COUTSE{P) v ricinnnrnnnrenncsnsasnannsns 19
Sandstone, highly calcareous, buff,
massive, with local areas of very
sandy, slightly iron-stained vuggy
LlimesStone tveeeeeensoassnnvansansassssns 13
Limestone, light-buff-gray, massive,
fossiliferous, extensive alteration in
upper part, cavities reported by
driller at 295-297 feet; lower part
only slightly altered ....iviieennsnens 24
Middle member:
Sandstone, medium-grained, clear, well-
rounded quartz grains, light-buff,
massive, tiny specks of iron oxide
disseminated throughout, uniformly
calcareous, locally fossiliferous ..... 17
Lower member;
Limestone, variegated brown, buff, and
gray, generally slightly to moderately
altered, iron oxide staining; cavities
as much as 0.1 foot in diameter ....... 20

Depth
(feet)

180
189

196
218

226

241

262

281

294

318

335

355
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Log of test hole 12.11.24.233 (continued)

Thickness Depth

(feet) (feet)
Permian system {continued)

San Andres limestone (continued)
Lower member {(continued)
Limestone, variegated brown, buff, and
gray, tight, slightly altered ......... g 364
Glorieta sandstone:
Sandstone, medium-grained, clear rounded
quartz sand, massive, homogeneous, upper 3
feet slightly calcCareous .......cevenncacans 22 386
Sandstone, limy, with interbedded sandy
limestone; many irregular seams of dark-blue
siltstone as much as 1 inch thick .......... 29 415
Sandstone, medium-grained, light-buff, mass-
ive, slightly calcareous, well-sorted,
slightly ferruginOUsS ...evesesanvnrnsessonss 11 426
Sandstone, as above, with irregular seams of
blue siltstone in sandstone at 426-427 and
436-437 Teet .iuivvirevrrrvmcrnvsarancanennnas 25 451 T.D.

The San Andres limestone in the Grants-Bluewater area averages 110
feet in thickness. The thickness, however, differs throughout the area
and may range from 80 to 150 feet. The formation is 145 feet thick near

the mouth of Bluewater Canyon and is 102 feet thick in the industrial
well 12.11.24.233.

The San Andres limestone is the uppermost formation of Permian age
exposed in the Grants-Bluewater area. After deposition of the San Andres,
the region was uplifted and subjected to a long period of erosion before
deposition of strata of Late Triassic age. During this erosion period,

a karst topography having a relief of more than 100 feet was developed
on the San Andres erosion surface (fig. 7). The entire formation was re-
moved by erosion in places where rocks of Late Triassic age now lie
directly on the Glorieta sandstone. Sinkholes that developed in the San
Andres limestone during this period of erosion were filled later with

sediments of Triassic age, or filled still latexr with sand, gravel, and
silt.

T R e

The San Andres limestone is the major aguifer in the area. Well~
connected cavernous zones and solution channels have developed in the
formation, and the transmissibility of the aquifer, therefore, is great
in most places. The San Andres yields adequate quantities of water for
irrigation, industrial, and municipal supplies. (See table 4.)

Triassic Systen

Sedimentary rocks of Triassic age, having a total thickness of 1,500
to 1,800 feet, are exposed widely in the Grants-Bluewater area. The rocks
of Triassic age overlie rocks of Permian age in scattered exposures along

T P T B S R S A




-30-

FIGURE 7. —— Modified karst topography developed on the San Andres
limestone. View northward from the S§W} sec. 22, T. 12 N., R. 11
W., about half a mile goutheast of Bluewater, Valencia County,
N. Mex, PFlat-topped topographic feature on skyline in back-
ground is Haystack Mountain, which is capped by the Dakota sand-
stone,

the northeast flank of the Zuni Mountains and underlie much of the area
from Bluewater Creek northward to the railroad. Rocks of Triassic age
are exposed extensively in the area nortlieast of Bluewater and in
places along the base of the cliffs that bound the northern and eastern
sides of the area. Rocks of Triassic age underlie the alluvium through-
out much of the Grants-Bluewater Valley northwest of Grants and much

of Malpais Valley south and southeast of Grants.

The lowermost strata of Triassic age were deposited as somewhat
discontinuocus deposits of channel fill on the irregular surface of the
San Andres limestone. These strata were assigned by Darton (1928a) to
the Moenkopi formation of Early Triassic age. . Later work (McKee, 1251b;
Cooley, 19587), however, indicates that Moenkopi deposits probably do
not extend as far east as the Grants-Bluewater area and thit these de~
posits are somewhat younger than the Moenkopi formation in northeastern
Arizona, According to Cooley {(unpublished Master's Thesis, University
of Arizona, 1957), the Chinle formation overlies the channel-fill
deposits unconformably. 1In this report, however, these channel-fill
and associated deposits are included, for convenience, in the Chinle
formation of Late Triassic age. The strata of Triassic age are there-
fore assigned, in ascending order, to the Chinle formation and the
Wingate sandstone. s



Chinle Formation

The Chinle formation was described originally by Gregory (1917) from
exposures in Chinle Wash on the Navajo Indian Reservation in Arizona.
The formation has been examined and variously defined by others (Cooley,
195%; Harshbarger, Repenning, and Irwin, 1857; Smith, 1954, 1957, and
others) in the Zuni Mountains and adjacent areas. Several other reports
containing descriptions of the formation are in preparation. Although
a complex and diverse nomenclature for members of the formation has been
used by various writers, a simplified nomenclature and brief description
of the Chinle formation is presented here., The reader is referred to
publications listed at the end of thig report for more detailed descrip-
tions of the formation and for discussions of the stratigraphic problems
involved.

The Chinle formation is 1,400 to 1,600 feet thick in the Grants-
Bluewater area. The strata, which were deposited in a continental en-
vironment, consist principally of varicolored clay and siltstone, inter-
bedded silty sandstone, and some coarse-grained to conglomeratic
sandstone. (Bee table 6.) Gypsum crystals are common on weathered
exposures.

The Chinle formation may be divided conveniently into three units
in the Grants-Bluewater area. The lower unit is composed of reddish-
brown to purple and light-gray to white silty sandstone and interbedded
varicolored siltstone and mudstone. The unit contains several beds of
coarse-grained to conglomeratic sandstone, particularly in the basal part.
The upper part of the unit contains abundant fragments of petrified wood
in many places. The unit ranges in thickness from 400 to 300 feet.

The middle unit of the Chinle formation is composed of poorly sorted
crossbedded sandstone, conglomeratic sandstone, conglomerate, and inter-~
bedded thin lenses of siltstone and mudstone. The strata usually are
light orange to light gray, medium to thick bedded, and moderately hard.
Cobbles as large as 6 inches in length have been found in some of the
coarser conglomerate. As this middle unit intertongues with both the
upper and lower units of the Chinle, the thickness may differ consider-
ably within relatively short lateral distances. The thickness may range
from 60 to 200 feet, but in most places it is 100 feet or more. Locally,
the middle unit contains many logs of petrified wood.

The upper unit of the Chinle is composed of a variety of rock types
but is predominantly siltstone and mudstone and some interbedded fine-
to medium-grained sandstone. The upper part of the unit contains numerous
layers and lenses of nodular fine-grained limestone. The beds of silt-
stone and mudstone usually are reddish brown, thinly bedded, and somewhat
silty. The limestone lenses and nodules may be brown, red, purple, or
gray, and they commonly are interbedded with silty to sandy calcareous
mudstone. The upper unit is 900 to 1,000 feet thick. The upper 300 feet
of the unit contains most of the limy strata, The contact with the over-
lying Wingate formation usually is marked by a slight erosional unconform-
ity having a local relief of a few inches to a few feet.



Sandstone and silty sandstone units in the Chinle formation yield
adequate supplies of water for stock and domestic use. The sandstone
and 6bnglomeratic sandstone in the lower part of the formation in some
places yield water to irrigation wells. (See table 4.)

Wingate Sandstone

The Wingate sandstone, as described originally by Dutton (18853) at
the type locality near the Wingate railroad station, McKinley County,
N. Mexi, was composed of all the beds of sandstone and associated strata
between the top of the Chinle formation and the base of the Todilto lime-
stone and was considered to be of Jurassic age. Later investigations
indicated a need for revision of the nomenclature pertaining to this
formation. Harshbarger, Repenning, and Jackson (1957) restricted the
formation to the lower 359 feet of the section formerly included in the
Wingate sandstone at the type locality and assigned it to the Upper
Triassic series. The upper bed of sandstone at Duttom's type locality
now ig recognized as being the Entrada sandstone of Late Jurassic age.

The Wingate sandstone is composed of light-reddish-brown to orange
sandstone. The sandstone is thickly bedded to massive, crossbedded, and
of eclian origin. It ranges in thickness from 80 to 120 feet in the
area, The Wingate was reported to be 114 feet thick in a nmeasured sec-
tion in the SW corner sec. 9, T. 12 N., R. 9 W, (R. E. Thaden, 1957,
written communication},

The Wingate sandstone has been removed by erosion from the major
part of the area and is present only along the northeastern and eastern
margins of the area, The outcrops of the Wingate are not in favorahle
locations for recharge, Only one well (9.9.5.214) in the area is believed
to tap this formation. The Wingate sandstone should, however, yield
adequate supplies of water to wells for stock and domestic use in areas
where it is saturated.

Jurassic System

Sedimentary strata of Middle and Late Jurassic ages are widely ex-
posed in the cliffs and along the slopes bounding the northeastern and
eastern sides of the Grants-Bluewater and Malpais Valleys. These strata,
which are about 1,000 feet thick, are composed of alternating units of
shale and sandstone and one limestone formation. They are assigned, in
ascending order, to the San Rafael group and the Morrison formation.

The rocks of Jurassic age and overlying rocks of Cretacecous and
Tertiary ages are relatively minor aquifers in the Grants-Bluewater area,
The descriptions of these sirata, therefore, are brief and generalized,
Mure detailed descriptions are available in the publications listed at
the end of this report. Also, investigations now in progress by the
Geological Survey will provide much more detailed descriptions of these
rocks.



gan Rafael Group

The San Rafael group in the Grants-Bluewater area includes, in as-
cending order, the Entrada sandstone, Todilto limestone, Summerville
formation, and Bluff sandstone. This group of formations is shown as a

‘unit on the geologic map (pl. 1) of the area.

Little i1s known of the water-~bearing properties of the formations
in the San Rafael group. Well 9.92.3,331, which probably taps the
Entrada sandstone, is reported to yield 20 gpm of water suitable for
. stock use. Sandstone in the Summerville formation in favorable locali-
" ties should be capable of yielding adequate supplies of water to wells
for stock and domestic use. Stock and domestic well 9,9,29.224 probably
taps the Bluff sandstone.

The lower part of the Entrada sandstone is composed of fine-grained,
massive, reddish-brown, silty sandstone and minor amounts of mudstone.
The upper part consists of medium~ to coarse-grained, crossbedded, mass-
ive, light-reddish-brown to orange sandstone. Locally, the upper part of
the sandstone is very calcareous and grades into the overlying limestone.
The Entrada sandstone is 200 to 250 feet thick in the northern and north-
eastern parts of the area; but it thins somewhat, to 175 feet or less, in
the southeastern part.

The Todilto limestone is a thin-bedded, platy, dark-gray, dense lime-
stone that contains thin partings of greenish-gray clay or siltstone.
Locally, the limestone is gypsiferous and, in some places, thin layers
of siltstone and gypsiferous sandstone are interbedded with the limestone.
The formation ranges in thickness from 10 to 30 feet and commonly is 12
to 15 feet thick. Uranium deposits of great value have been discovered
in the Todilto limestone northwest, north, and northeast of Grants.

The Summerville formation is composed predominantly of reddish-brown,
fine~grained sandstone and interstratified white to red siltstone. The
strata are flat to wavy bedded. Some small-scale crossbedding is present,
especially in the upper part of the formation. The basal part of the form-
ation locally contains lenses of limestone and silty limestone. ‘The
Sunmerville formation generally ranges in thickness from 75 to 200 feet.

The Bluff sandstone consists predominantly of light-gray to yellowish-
gray or light-~brown, fine- to medium-grained, massive, crossbedded sand-
stone and silty sandstone, that commonly weathers into smooth, rounded
exposures. The Bluff sandstone is 175 to 200 feet thick throughout the
area,

. Morrison Formation

The Morrison formation, which is shown as a unit omn the geologic map
(pl. 1), consists, in ascending order, of the Recapture, Westwater Canyon,
and Brushy Basin members. The Morrison varies considerably in thickness
in the Grants-Bluewater area because of erosion during Early Cretaceous
time, prior to deposition of the overlying Dakota sandstone. The Morrison
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in the northern and northeastern parts of the area generally ranges in
thickness from 300 to 500 feet. In the southeastern part of the area,
howevef; the Dakota overlies successively lower beds southward. ZIZither
the entire Morrison formation has been removed by pre-Dakota erosion
along the east side of Malpais Valley, at a point 3 miles southwest of
U. S. Highway 66, or its lithology changes abruptly; southward f{rom this
area the Dakota overlies the San Rafael group or similar rocks.

No wells are known to tap the Morrison formation in the area. A
few miles to the north in McKinley County, however, the Westwater Canyon
member of the Morrison yvields adequate guantities of water for stock and
domestic supplies.

The Recapture member of the Morrison formation is composed of dark-
reddish-brown claystone and siltstone interbedded with light-gray, very
fine~grained, poorly sorted, crossbedded sandstone. The beds of clay-
stone and siltstone are predominant in the lower part of the section, and
the beds of sandstone are predominant in the upper part. The beds of
sandstone commonly are 3 to 6 feet thick, and the siltstone beds commonly
are 1 to 3 feet thick. The Recapture member intertongues with the over-
lying Westwater Canyon member, resulting in considerable variation in
thickness of the Recapture in various placesg., The Recapture generally
ranges in thickness from 75 to 200 feet in the area.

The Westwater Canyon member of the Morrison, a thick sandstone unit,
overlies the Recapture member. The Westwater Canyon member is composed
of poorly sorted, very fine- to coarse-grained, grayish-orange to grayish-
pink, massive, crossbedded sandstone. The lower part of the sandstone
locally is calcareous, and in some places the sandstone contains mudstone
and siltstone partings and mud pods near the base. The Westwater Canyon
member intertongues with the underlying Recapture member and the overly-
ing Brushy Basin member; consequently, the thickness of the Westwater
Canyon member varies widely. The Westwater Canyon member along the out-
crop generally ranges in thickness from 110 feet near the northwest
corner of the Grants-Bluewater area to 60 feet in the eastern part.

Valuable deposits of uranium ores have been discovered in the West-
water Canyon member in exposures along the north and northeast sides of
the Grants-Bluewater Valley and on the north side of the Grants Ridges,
north of Grants. Major uranium deposits were discovered in this forma-
tion north of and adjacent to the Grants-Bluewater area, in the vicinity
of Ambrosia Lake.

The upper member of the Morrison formation, the Brushy Basin member,
in places is composed of light-greenish-gray or yellowish-gray, locally
calcareous claystone and siltstone and intercalated lenses of yellowish-
gray to yellowish-brown, medium- to coarse-grained sandstone. The lithology
of the member varies considerably along the outcrop. The sandstone facies
in places may predominate. The member appears to thicken to the northeast.
The Brushy Basin member commonly is 150 to 200 feet thick; however, it is
only about 50 feet thick near Thoreau, N. Mex., northwest of the Grants-
Bluewater area. The entire member has been removed from the southeastern
part of the area by post~MorriSon erosion.




Cretaceous System

Strata of Early{(?) and Late Cretaceous ages are exposed along the
northern, northeastern, and eastern margins of the Grants-Bluewater
area. These strata, which unconformably overlie slightly beveled strata
‘61 Late Jurassic age, consist of a thick sequence of shale and sandsionc.
_fparts of the sequence contain interbedded coal seams, some of which are
" 'of considerable economic value in adjacent areas. The Cretaceous sec-
" tion exposed in the area is between 1,000 and 1,500 feet thick. The
: gegquence consists, in ascending order, of the Dakota sandstone, Mancos
5§hale,'and Mesaverde group. ©Stratigraphic relations of these geologic
“‘units are complex. The strata were deposited under alternating contin-
. ental and marine enviromments. The Dakota sandstone was deposited in
'a continental environment at the margin of an advancing sea. It is
overlain by beds of marine shale of the Mancos. The Mancos shale is
overlain by the Mesaverde group, which is composed of alternating beds
of sandstone, siltstone, and claystone, and some beds of carbonaceous
shale and coal that were deposited in a continental envircnment at the
margin of a retreating sea. Deposition of the marine Mancos shale
continued in the area to the northeast, where it intertongues with some
parts of the Mesaverde group. Thus, the marine shale of the Mancos
intertongues with the Dakota sandstone below and with various forma-
tions in the Mesaverde group above. The lowermost sandstone above the
unconformable contact with the rocks of Jurassic age is designated as
the Dakota sandstone. Therefore, because of oscillations in the shore-
line of the advancing Cretaceous sea, the age of the Dakota sandstone
may differ slightly in places.

Dakota Sandstone

The Dakota sandstone in the Grants-Bluewater area is composed of
massive, yellowish-buff or yellowish~orange to light-brown, limonitic,
¢rossbedded sandstone. The lower part of the sandstone commonly is
coarse grained and locally conglomeratic; the upper part is somewhat
finer grained than the lower part. A bed of carbonaceous shale and
interbedded medium-grained clayey sandstone underlies the principal
bed of sandstone in the northern part of the area. The Dakota in
places consists of two thick beds of sandstone that are separated by
beds of carbonaceous siltstone and shale, 15 to 20 feet thick, that
contain seams of coal locally. The thickness of the Dakota sandstone
varies in different places because of intertonguing with the overlying
Mancos shale; however, in much of the area it ranges in thickness from
70 to 80 feet. The Dakota thins markedly in the southeastern part of
_the Grants-Bluewater area, southward from U. S. Highway 66, and is only
a few feet thick at the southern boundary of the area.

 No wells are known to tap the Dakota sandstone in the area. Wells
to the north in McKinley County, however, obtain adequate quantities of
water for stock and domestic supplies from this formation.
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Mancos Shale

The Mancos shale is composed of predominantly dark-gray, platy,
calcareous marine shale that weathers to a light yellowish gray. The
Mancos ranges in thickness from 700 to 800 feet; the lower 300 to 350
feet of the shale contains three or four thickly bedded to massive
beds of sandstone that closely resemble the sandstone of the Dakota.
These beds of sandstone generally range in thickness from 30 to 75
feet, The upper part of the shale in places containg a few thin
fossiliferous calcareous beds of sandstone., The lower sandstone beds
of the Mancos in many places are very fossiliferous.

The formation does not yield water in significant quantities to
wells in the aresa.

Mesaverde Group

The Mesaverde group in the Grants-Bluewater area includes, in
ascending order, only the Gallup sandstone and the Crevasse Canyon
formation. The Mesaverde group is not subdivided on the geclogic map

(pl. 1}).

The Gallup sandstone in the Grants-Bluewater area intertongues
with the Mancos shale. Two thin beds of sandstone, which apparently
are in the upper part of the Mancos shale, coalesce with the main body
of the Gallup sandstone farther west toward Gallup. A massive bed of
sandstone 65 feet thick is the principal unit of the Gallup sandstone
in the Grants-Bluewater area. A thin transitional zone of interbedded
thin sandstone and shale generally is present at the base of the sand-
stone.

No wells in the Grants-Bluewater area are known to tap the Mesaverde
group, but several artesian wells north of San Mateo, in southeastern
McKinley County, tap a bed of sandstone in the Mesaverde group. The
water is used for stock and domestic supplies.

The Crevasse Canyon formation in the Grants-Bluewater area is
divided into two members, in ascending order, the Dilco coal member
and the Dalton sandstone member. The Dilco coal member is about 100
feet thick and consists of continental shale, sandstone, and local beds
of coal. The upper part consists of massive sandstone about 50 feet
thick. This gandstone is overlain by the Mulatto tongue of the Mancos
shale, which is about 250 feet thick and consists of light-tan sandy
marine shale, containing some intercalated thin beds of sandstone. The
Dalton sandstone member overlies the Mulatto tongue and is a massive
crossbedded sandstone that ranges in thickness from 100 to 125 feet,
The Dalton sandstone probably is the uppermost member of the Crevasse
Canyon formation that is exposed in the Grants-Bluewater area.
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Tertiary System
Extrusive Rocks

Basaltic lava flows of late Tertiary age cap the Grants Ridges and
La Jara and Horace Mesas, north, northeast, and east, respectively, of
Grants. These flows, which were extruded from volcanic vents on the
mesas, were deposited on beveled and tilted strata of Triassic, Jurassic,
and Cretaceous ages. One of the volcanic vents, on the northeastern
mesa of the Grants Ridges, has been exposed by erosion. The flows were
deposited on an erosional surface that lies about 750 feet above the
present valley floor. 'The basalt flows at the time of deposition prob-
ably were connected to form a continuous sheet of basalt. BSubsequent
erosion has removed much of the basalt, leaving only remnants capping
the high mesas. The basgalt was deposited by several different flows,
which generally ranged in thickness from 30 to 80 feet; the total thick-
ness ranges from 200 to 300 feet in exposures along the edges of the mesas.

Many springs issue from the basalt along the margin of Horace and
La Jara Mesas and at various favorable topographic positions on the nmesas.
The springs provide water for stock and domestic use at work camps during
the summer.

Quaternary System

Deposits of Quaternary age in the Grants-Bluewater area consist of
aliuvium, landslide and talus material, dune sand, and basaltic lava
flows: The deposits of landslide and talus material and the dune sand
are areally small and are included with the alluvial deposits in this
report.

Alluvium

After the deposition of the late Tertiary basalt flows and the de-
velopment of the late Tertiary and early Pleistocene(?) cinder cones,
the stream courses in the main valleys of the Grants-Bluewater area were
eroded to depths of 150 to 200 feet or more below the altitude of the
present land surface. Alluvial deposits of silt, sand, and gravel then
were deposited in and along the stream courses. These deposits attained
a maximum thickness of 30 or more feet and covered most of the valley
floor. Basaltic lava flows then filled parts of the valleys. Alluvial
deposits continued to accumulate in the valleys adjacent to the basalt
flows. Apparently, however, the alluvium accumulated in depths suffi-
cient to cover the older basalt flows only in a few local areas before
younger basaltic flows were extruded. Deposition of alluvium apparently
has continued to the present time. In general, the basal part of the
alluvium containg the greatest proportion of sand and gravel., The upper
part of the alluvium is composed predominantly of silt and fine sand,
The alluvium, together with the interbedded basalt flows in those areas
where they are present, generally ranges in thickness from 100 to 140
feet in the area between Bluewater and Grants. (See table 6.)
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Basalt

Four basalt flows from at least three different sources can be iden-
tified in the Grants-Bluewater area., Three of these flows were designated
by Nichols (1934, 1936) as the Laguna, Bluewater, and McCartys flows.

The Suwanee flow of Nichols is 40 miles east of the Grants-Bluewater area,.
The fourth flow in the Grants-Bluewater area, which was not treated by
Nichols, is designated the Zuni Canyon basalt flow in this report. The
areas of outcrop of the four flows are shown on the geologic map.

The Laguna basalt flow underlies most of Malpais Valley and most of
that portion of the Ric San Jose valley south of U. S. Highway 66 from
the vicinity of Grants southeastward beyond the eastern boundary of the
report area. This flow originated at volcanic vents in the area adjacent
to the southeast end of the Zuni Mountains and south of the area included
in this report. The lava flowed eastward around the end of the uplift
and then northward down Malpais Valley. It covered most of the valley
floor on reaching the Rio San Jose and flowed up the valley at least as
far as Grants., The lava also flowed down the Rio San Jose valley and
beyond the eastern boundary of the area included in this report. The
Laguna flow is buried beneath the Zuni Canyon basalt flow near Grants
and beneath the McCartys basalt flow along the eastern margin of Malpais
Valley. fTwo basalt flows in Malpais Valley, intermediate in age between
the Laguna and McCartys basalt flows, terminate 3 or 4 miles north of
the southern boundary of the area. These flows are included with the
Laguna basalt flow on the geologic map.

The Bluewater basalt flow originated at El Tintero crater, a vol-
canic vent in southern McKinley County 5 miles north-northeast of the
Bluewater railway station. This basalt flow covered a large part of
the Grants-Bluewater Valley. The lava fiowed generally southeastward
down the valley to the vicinity of Grants. The basalt in the valley
is exposed as far south as Toltec Siding, a few miles northwest of
Grants, and it has been penetrated beneath the alluvium in wells south
of the outcrop area., The Bluewater basalt flow probably coalesced with
the Laguna flow near Grants.

The Laguna and Bluewater basalt flows appear to be composed of
several flows in which layers of vesicular and dense basalt alternate.
The greatest recorded thickness of basalt in the area, 197 feet, was
penetrated in a deep oil test a few miles southeast of Grants in the
NE} sec. 21, T. 10 N., R. 9 W. A core test about a mile northeast of
Bluewater in the NE} sec. 14, T. 12 N., R. 11 W., penetrated 117 feet
of the Bluewater basalt flow, and a core test in Malpais Valley 8 miles
south of Grants in the E4 sec. 2, T. 9 N., R, 10 W., penetrated 58 feet
of the laguna basalt flow., The logs of these core tests follow.
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9.10.2 (Ef of sec.). Core test, U. 8. Corps of Engineers

Thickness Depth

(feet) (feet)
Quaternary system:

Alluvium and basalt:

Soil, sandy to silty, light-brown ......... e 16 16

Soil, clayey; contains 40 percent gravel composed

of basalt, granite, and limestone ........... s 2.2 18.2
Basalt, vesicular ........... B 7.8 26.0
Basalt, dense ......ccvivrtecenanns e tes st eaa et 2.1 28.1
Basalt, vesicular ......... Ceeearas e eae bttt 2.6 30.7
Basalt, dense .,..... Gt et e eera et v 13.1 43.8
Basalt, vesicular .......cecnensavracnnsans ceraracrenaaa 5.5 49,3
Basalt, dense .......e000eusnn terarraceat et esaaean “e 3.6 52.9
Basalt, vesicular, iron-stained ....... et viavanssnas 3.0 55.9
Basalt, vesicular ........... veeseaaa T T AP 12.6 68.5
Basalt, dense; somewhat vesicular in lower 1 foot ..... 6.7 75.2
Basalt, vesicular ........... et eae e e 1.3 76.5
Core lost,; probably clay fill ...viiiiiinnnnnnennsn v .3 76.8

Limestone boulder; white, dense, fossiliferous ... .6 77.4

8ilty clay, gray, friable ...c.ciiuiiiiiriiacanenses 1.2 78.6

Clay, red, sandy ... cveeverssvcesasirnvnnaens ‘e 3.7 82.3

Apparently alternating Zones of sand and clay .... 18.3 100.6

12.11.14.213 Duane Berryhill (Core test, U. S. Corps of Engineers)

'”Quaternary system:
Alluvium and basalt:
Topsoil, sandy and silty, brown; some vesicular

basalt fragments .......... Ve eiesesh s aa e . 2 2
Soil, sandy, some vesicular basalt fragments ..... 1.3 3.3
Basalt, vesicular, increasingly fewer vesicles to

none at 9.8 feet ........... Chteaite e asacanas 6.5 9.8
Basalt, dense .,....... e aren st eas 20.7 30.5
Basalt, vesicular ........... St teiat b taaa e e 6.5 37.0
Basalt, dense ....... Cheer et et cerrrresns 3.8 40 .8
Basalt, vesicular; vesicles contain brown silt ... 7.2 48.0
Basalt, dense ............ At eeeaaean re e 3.0 51.0
Basalt, vesicular, very porous; some silt in

vesicles ... it it ittt e ettt s e . 20.3 71.3
Basalt, vesicular; vesicles decrease to zero at

75.0 feet ... ivauun-. S eeserasrasrtarareanreerens 3.7 75.0

Basalt, dense; a few vesicles from 85.5 to 90.6

feet with a small amount of silt in small

vesicles ..ieevrinrancenan ne s bt aarat e . 20.0 25.0
Basalt, vesicular; small amount of silt in vesi-

cles. Less wvesicular from 100.7 to 103.5 feet.

No vesicles at 103.5 feet .viverivicencnrcanasnans 8.5 1063.5
Basalt, denSe ...uieeevacaseransnsssasaasansssansan 11.5 115.0
Basalt, very vesicuUlar .....cceviveivenesssunonnsaeny 1.8 116.8
Sand and gravel and 1 inch of red clay (recovered

by drive-core method) .....evvevsarscnnroacenanss 4.7 121.5
Sand and gravel .....icvcveeen teesatesseanntensana 8.9 130.4
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The Zuni Canyon flow originated at two volcanic vents in the Zuni
Mountains 4 miles southwest and 4 miles northwest of the head of Zuni
Canyon. The lava filowed down Zuni Canyon and into the Rio San Jose
valley where i1t underlies an area of 5 or 6 square miles, extending from
the south end of the Grants Municipal Airport southeastward to 3 miles
south of Grants. Basalt of the Zuni Canyon flow is black, similar to
that of the McCartys basalt flow, and it overlies the Laguna basalt flow.
The Zuni Canyon flow, however, appears to be more weathered than the
McCartys flow and may be somewhat older. The thickness of the Zuni Can-
yvon basalt is not known; however, differences in elevation between the
surface of the Lapuna flow and the surface of the Zuni Canyon flow indi-
cate that the Zuni Canyon flow probably is not more than 40 feet thick,

The McCartys basalt flow is a very recent, narrow tongue of basalt
that overlies the Laguna flow along the eastern margin of Malpais Valley;
it occupies most of the floor of the Rio San Jose valley from the vicin-
ity of Horace Springs eastward to the vicinity of McCartys, east of the
area included in this study. The McCartys basalt flow originated in the
same general area as the Laguna flow. Like the Laguna and Bluewater
flowsg, it is composed of vesicular basalt. The McCartys basalt flow,
however, is black, whereas the older basalt flows are grayish black and
have a reddish cast on exposed and oxidized surfaces. The lack of weath-
ering on exposed surfaces of the McCaritys basalt flow indicates that it
is of Recent age.

The alluvium and basalt of Quaternary age form a common aguifer in
the Grants-Bluewater and Malpais Valleys. The basal part of the alluvium
is the most permeable, and most of the water-table wells have been drilled
through the basgalt and intoc the underlying sand and gravel in order to ob-
tain adeguate supplies of water, The basalt appears to be sufficiently
fractured to act as an aguifer, but interconnection between pore spaces
and cavities in the basalt is relatively poor. The basalt penetrated by
several wells was dry throughout, and only the underlying alluvium yielded
water in adeguate amounts. The alluvium and bhasalt vield adegquate sup-
plies of water for stock and domestic use at many places in the valley
areas and for irrigation, municipal, or industrial use in the most favor-
able places. (See table 4.)

GROUND WATER

Ground water is the most dependable source of water supply in the
Grants-Bluewater area. The water is obiained principally from limestone
and sandstone of Permian age and from alluvial sand and gravel of
Quaternary age. Water in smaller quantities is obtained from sandy silt-
stone and sandstone of Triassic and Jurassic ages and basaltic lava of
Quaternary age.

Basic Concepts

Ground water is affected by well-defined physical principles, which
were described vividly by Meinzer (1923a, p. 2-102). The following
summary is adapted in part from his work,



Most of the rocks that form the earth's crust contain interconnected
openingss; such as joints, sclution channels, and spaces between sediment-
ary particles. These openings in the rocks make possible the storage and
transmission of water. The volume of hydrologically accessible interstices
control the storage of water, and the size and degree of interconnection
of the openings control its transmission. Therefore, an understanding
of the distribution and physical character of the rocks in an area is es-
sential to an appraisal of its ground-water resources.

The most common openings in limestone are poxe spaces, Jjoints, open-
ings along bedding planes, and solution cavities. Alluvium contains pore
spaces between particles of silt, sand, and gravel. The grains in sand-
stone commonly are cemented with calcium carbonate, iron oxide, silica,
or other chemical precipitates. Unless the sandstone is completely
cemented, however, interconnected pore spaces between the granules allow
some storage and movement of water. Fractures also are common in sand-
stone. Openings in soft shale and mudstone generally are infinitesimal,
but well-indurated shale and mudstone may have open joints. Basalt flows
commonly contain many vesicles formed by gas bubbles in the molten mater-
ial before solidification, but the vesicles may be separated by impervious
material, which impedes or prevents movement of water through the rock.
Basalt in many places contains side joints, scoriaceous zones, and even
tunnels, which allow free passage of water,

The zone in which the rocks are saturated with water under hydro-
static pressure is termed the '"mone of saturation.” A saturated secticn
of rock that will yield water to wells or springs is known as an aquifer,”
The upper surface of the zone of saturation, if not confined, is known as
the "water table.'" It is the surface at which the pressure is atmospheric.
The pressure below the water table is greater than atmospheric; that is,
hydrostatic pressure contributes to the total pressure. The pressure is
less than atmospheric above the water table, and water is held up by
capillary force, forming the ''capillary fringe.' The interstices in the :
lower part of the capillary fringe may be full of water but do not con- :
stitute a part of the zone of saturation, as defined. JIf the water in
an aquifer is under sufficient pressure to rise in wells above the zone
of saturation, it is termed “artesian.” Artesian pressure may develop
in the aquifer in areas where the aguifer is overlain by an impermeable
bed or by & bed having low permeability. The 'piezometric surface” of
an ayuifer is an imaginary surface that everywhere coincides with the
static level of the water in the aquifer and, therefore, is the surface
to which water in an aquifer will rise under its full pressure head,
Artesian wells flow in areas where the piezometric surface is above the
land surface, The pores of rocks and soil above the zone of saturation
are filled with air, or with air and water. Water in rocks abowe the
water table tends to move downward toward the zone of saturation, but a
part of it may be used by plants or evaporated, and thus prevented Irom
reaching the water table.

Various terms, such as 'porosity’ and "permeability,"” that pertain
to hydrology have been applied to physical properties of rocks. The
borosity of a rock is expressed as the percentage of the total volume of
the rock that consists of pore spaces or interstices. The ''specific
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yield" of a rock is the percentage of its total volume that is occupied
by gravity ground water. The rate at which a rock will transmit water
under hydraulic pressure is termed '"permeability.” The degree of per-
meability is measured by the rate at which a rock will transmit water
through a unit cross section under a stated pressure-head difference per
unit of distance. The coefficient of permeability is defined as the num-
ber of gallons of water a day that will pass through a2 l-square-foot
cross-sectional area at right angles to the direction of flow, under a
unit hydraulic gradient at 80°F. 'The field coefficient of permeability
is based on the same units, except that no temperature adjustiment is
necessary. The coefficient of transmissibility is defined as the number
of gallons of water a day that will pass through a vertical strip eof the
aquifer 1 foot wide and extending the height of the aquifer, under a unit
hydraulic gradient, at the prevailing temperature of the water in the
aguifer; it is the field permeability multiplied by the thickness of the
aguifer, in feet,

The "coefficient of storage' of an aquifer is defined as the volume
of water it releases from or takes into storage per unit surface area
of the aquifer per unit change in the component of head normal to that
surface. The coefficient of storage of a nonartesian, or water-table,
aquifer is nearly the same as the ''specific yield,” which is defined as
the ratio of the volume of water that will drain by gravity from a satu-
rated rock to the total volume of the rock, generally expressed as a
percentage, The coefficient of storage of a water-table aquifer usually
is between 0.05 and 0.30.

The coefficient of storage of an artesian aguifer differs from that
of an unconfined, or water-table, aquifer in that the aquifer does not
drain with changes in storage. The water released from or taken into
storage in response to a change in the pressure head is attributed sole-
ly to the compressibility of the aquifer material and of the water. The
volume of water released or stored per unit surface area of the aquifer
per unit head change, therefore, is very small as compared with that in
a water-table agquifer; it usually is between 0.00001 and 0.001 but may
vary considerably beyond these limits.

The Water Table

The water table in the area is indicated by the static water levels
in wells that tap the alluvium and basalt (pl. 2). Water levels in some
of the wells that tap the San Andres and Glorieta formations along the
southwestern margin of Grants-Bluewater Valley also may indicate the po-
sition of the water table. The water table generally is not level or
uniform but is an irregular, warped, sloping surface which conforms in
a general way to the configuration of the land surface. Irregularities
in the direction or amount of slope of the water table are caused by
variations in the amount of recharge to the aguifer, by differences in
the thickness or permeability of the aguifer, and by variations in dis-
charge from various parts of the aquifer. The water table in areas where
the amount of recharge is large may be higher than in surrounding areas,
forming low mounds or ridges. Depressions in the water table may indicate
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areas of reduced recharge or places where ground water is discharged,
such as along streams entrenched below the water table or in areas of
pumped wells. Depressions in the water table may be found also in
places where water is transpired.

The depth to the water table is a little more than 150 feet near
the mouth of Bluewater Creek, but it is shallower to the southeast and
is 80 to 100 feet in much of the area beiween Bluewater and Toltec S5id-
ing. The depth to the water table generally is 10 to 25 feet in the
vicinity of Grants and San Rafael and is only a few feet near Horace
Springs. The depth to water in Malpais Valley generally ranges from 25
feet east of San Rafael to 100 feet 7 miles south of San Rafael and con-
tinues to increase southward. The depth to water near the southern
boundary of the area, at the western margin of Malpais Valley, is 327
feet in well 9.10.33.110 and is 225 feet at the eastern margin of the
valley in well 9.9.29.224, (See table 4.)

The water table seldom is stationary; it fluctuates in response to
additions to or withdrawals from the ground-water reservoir. The magni-
tude of change in the ground-water level is an index to the variation
in the amount of water stored in the aquifer. To determine the nature
of water~table fluctuations and to record the changes in water level in
response to withdrawal of ground water for irripation, a continuing pro-
gram of water-level measurements was begun in the Grants-Bluewater area
in February 1946, Water levels have been measured in about 35 wells in
February of each year. A recording gage hag been maintained since
November 1946 on well 12,11,9.221, 2.5 miles north-northwest of Bluewater.

Water levels in a few wells have been measured bimonthly or quarter-
ly as well as annually. The water levels measured in February of each
year are indices of the net changes in ground-water storage from year to
year, Seasonal fluctuations of water level due to pumping and recharge
are reflected in the bimonthly or quarterly measurements. Annual water-
level measurements taken from 1946 through 1950 and recorder-well data
taken from 1946 through 1955 were published in water-supply papers of
the Geological Survey. Annual measurements taken since 1950 and recorder-
well data taken since 1955 are published in the technical reports of the
State Engineer.

Ground-Water Recharge, Movement, and Discharge

Recharge

The ground~-water regervoirs in the Grants~Bluewater area are re-
charged principally from precipitation and runoff on outcrops of the San
Andres limestone and Glorieta sandstone on the northeastern flank of the
Zuni Mountains; from precipitation on the alluvium and the basaltic lava
flows that underlie parts of the area; from seepage of water from Blue-
water Lake, Bluewater Creek, and the irrigation canal system; and from
seepage of irrigation water applied to the land.




A small portion of the direct precipitation is absorbed by the rocks,
moves downward beyond the reach of plant roots, and eventually reaches
the water table. Virtually all the precipitation eventually contributes
to the runoff of streams or :is returned to the atmosphere by evaporatiocn
and transpiration. The amount of recharge from precipitation to the
geologic formations in the Grants-Bluewater area is neot known, but it
probably is much less than 1 inch per year.

A considerable amount of recharge to all the aquifers probably is
derived from precipitation on outcrops along the flank of the Zuni Moun-
tains southwest of the Grants-Bluewater Valley and from intermittent
runoff from that area. The shape of the water table in the vicinity of
Ojo del Gallo, near San Rafael (pl.2), indicates that a considerable
amount of the runeoff recharges the alluvium and basalt.

Recharge to the ground-water reservoir from seepage was very great
during those years in which water was released from Bluewater Reservoir
for irrigation. Water losses from Bluewater Creek and the irrigation
canals near the fault at the mouth of Bluewater Canyon were reported by
personnel of the Bluewater Irrigation District to be between 20 and 40
percent of the total amount of water passing the gaging station just
above the mouth of Bluewater Canyon. These seepage losses, especially
those in secs. 5, 8, and 9, T. 12 N., R. 11 W., were a major source of
recharge to the San Andres and Glorieta formations. The water that
seeped underground apparently passed almost directly into solution chan-
nels and passages in the San Andres limestone, Recorder well 12.11.9,221,
2 miles east of the mouth of Bluewater Canyon, had a large and positive
response within a few days to the release of water into the irrigation-
canal system. The general water-level trends in the well are shown in
figure 8.

Recharge to the ground-water reservoir locally through the alluvium
and basalt is demonstirated by the hydrograph (fig. 9) of well 12.11.14.213.
The well was drilled in 1949, and the water level at that time was 99
feet below land surface. The water level remained relatively stable, from
98 to 100 feet, from 1849 until 1856. A disposal pond for effluent from
a uranium mill was constructed in 1955 about a mile east-southeast of the
well, and the pond attained a size of 30 to 40 acres. The water level
in the well began to rise steadily in August 1956, and it was 88.5 feet
below the land surface in May 1958, about 10 feet higher than in June
1956, Changes in chemical content of water from other wells in the vicin-
ity indicate that water from the disposal pond moved downward to the water
table and inte the San Andres and Glorieta formations as well as into the
alluvium and basalt. The San Andres limestone locally is in contact with
the alluvium and basalt, so that recharge to either affects directly the
recharge to the other., The discharge of artesian water from the San
Andres limestone in some places may be a major source of recharge to the
alluvium and basalt.
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FIGURE 10. -- Rio San Jose at U. 8. Geological Survey gaging station
about half a mile below Horace Springs. Most of the base flow
is from Horace Springs (4.9 cfs when photographed December 9,
1948y, View is northward toward Horace Mesa from the SE} sec,
23, T. 10 N., R. 9 W., Valencia County, N. Mex.

Movement

Ground water moves slowly from areas of recharge to areas of dis-
charge. The rate of movement is controlled largely by the physical
character of the containing rocks and the slope of the water table. The
water may move through several different aguifers during its underground
passage to points of discharge. Ground water moves downgradilent, gener-
ally at right angles to the contours of the water table (pl. 2).

Ground water in the alluvium and basalt near the McKinley-Valencia
County line moves southward in the Rio San Jose valley and southwestward
in the San Mateo Creek valley. Ground water in Bluewater Creek valley
moves southeastward toward the village of Bluewater. Ground-water re-
charge from the Mount Taylor area probably moves westward down Lobe Creek
valley north of the Grants Ridges, but data were inadequate to contour
that part of the area. Ground water from these sources is funneled into
the Rio San Jose valley south of Toltec Siding and west of Black Mesa and
moves southeastward along the Rio San Jose valley from Milan, at the foot
of Black Mesa, to points of discharge near Horace Springs (fig. 10).
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Ground water in Malpails Valley, in the southern part of the area, moves
northeastward down the valley toward Horace Springs.

The direction of movement of artesian ground water in the San Andres
and Glorieta formations is indicated by the heavy contour lines on plate
2. A major source of recharge to the artesian ground water is in the
area where Bluewater Creek crosses the prominent fault zone. The water
mnoves generally southeagtward from this area toward Bluewater and Grants
and toward a discharge area at Ojo del Gallo.

The plezometric surface is nearly flat between Bluewater and Grants,
and the direction of ground-water movement is indistinct for several
reasons. The cavernous zones and solution channels in the San Andres
limestone are interconnected to a high degree. Thus, water can move
easily through the strata under low pressure gradients, as indicated
by the many wells in this locality that have large yields and small draw-
downs. Also, the San Andres and Glorieta formations are recharged con-
siderably from the directly overlying alluvium and basalt. A detailed
inspection of water-level elevations in the area, between Bluewater and
Grants, as shown in plate 2, reveals that the two sets of water—table
contours are approximately coincidental, suggesting that the two aguifers
are hydraulically interconnected and that water can move easily from one
aquifer to the other,

Discharge

Ground water is discharged from the Grants-Bluewater area by spring
flow, seepage into streams, underflow from the area through permeable
strata, evapotranspiration, and pumping from wells, The rate at which
water is discharged varies during the year. Spring flow and seepage into
streams usually are greatest in the spring, when ground-water levels are
at or near the maximum stage. Evapotranspiration is greatest during the
daylight hours of the growing season.

The two principal points of ground-water discharge until recent
years were Qjo del Gallo, an artesian spring near San Rafael, and Horace
Springs, 8 miles southeast cf Grants. (See table 5.) The discharge from
0jo del Gallo was almost entirely from the San Andres limestone, whereas
the discharge from Horace Springs is from the alluvium and basalt., A
part of the water discharged from Horace Springs may, however, have been

transmitted to the alluvium and basalt from the San Andres limestone between
Grants and San Rafael.

The discharge from Qjo del Gallo declined gradually during the late
1940's, as water levels declined in the heavily pumped irrigated area.
Waiter has not been avallable from Ojo del Gallo for irrigation of farms
since 1951 or for irrigation of gardens in San Rafael since 1953. During
the past few years the former spring pool has been dry most of the time.
The effects of pumping from the San Andres and Glorieta formations prob-
ably have reached Ojo del Gallo, and depletion of the spring flow probably
is due to general lowering of the piezometric surface in the aguifer,.
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The flow of Horace Springs has not declined, and it is doubtful if
it wili decline much for many vears. A decline of 5 to 12 feet in the
piezometric surface was required to stop the flow from CGjo del Gallo,
Horace Springs, howevsr, are about 175 feet lower than Ojo del Gallo;

a large decline of the water level; therefore, would be required to ser-
iously affect the flow of Horace Springs, unless their discharge can be
diminished by pump interception of water from the San Andres limestone
that otherwise would be discharged into the alluvium and basalt.

Relation of Geoleogic Structure to Ground Water

Successively yvounger beds are exposed from west to east in the
Grants-Bluewater area because of the northeastward to eastward dip of
the sedimentary strata. Beds exposed high in the Zuni Mountains south-
west of Grants and Bluewster are buried deeply along the eastern side
of the area. Rocks of Permian age -- the Yeso formation, the Glovietsa
sandstone, and the San Andres limestone ~- are exposed widely southwest
of U. B. Highway 66 (pl. 1}). The San Andres limestone forms a promin-
ent dip slope socuthwest of the Grants-Bluewater Valley. The azaltitude
of the top of the San Andres limestone in a part of the Grants-
Bluewater area is shown in figure 11.

The sedimentary strata southwest of U. 5. Highway 66 are drained
of water in many places because of their high structural and topograph-
ic position, A few springs in the area are fed from local perched-
water bodies high above the principal water table., In general, however,
perched-water bodies in the area have been extremely difficult to locate.

The Glorieta sandstone and the San Andres limestone dip beneath the
principal water table, near the margin of the main valley, and the water-
table wells in the valley along the southwest of U. 8. Highway 66 tap
these formations or the overlying alluviuwm and basalt. The Glorieta and
San Andres formations in the central and northeastern parts of the valley
dip beneath the confining beds of the Chinle formation, causing the water
in those formations to be under artesian pressure. The line of change
from water-table to artesian conditions is not well defined, because of
fluctuations of water levels with the seasons and with pumping. The arte-
sian pressure is indicated by a rise in water level zbove the point where
water is first penetrated by the drill. Lowering of the water level by
pumping tends to shift the line of transition northeastward, by lowering
the water level below the confining bed; 2 rise in the water table tends
to ghifit the line of trensition southwestward. Most of the irrigation
and industrial wells in the eagtern part of the valley area obtain water
under artesian pressure from the (lorieta and San Andres formations.

Some of these wells, however, tap the Chinle formation or the alluvium
and basalt, Because the beds of sandstone in the Chinle formation are
interbedded with clay and silistone, nearly all the wells tapping the
Chinle formation are artesian. Most of the wells producing from the
alluviun and bagalt are water-table wells.

The occurrence and movement of water in the ares is affected by numer-
ous faulis. The locationsof many of the faults are shown on plate 1
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and figure 1ll. Faults having a displacement greater than the thickness
of the aquifer may impede or block the movement of water because of the
faultiﬁg of water-bearing strata against relatively impervious strata.
On the other hand, some fault zones may become avenues for movement of
water because of fissures in the rocks adjacent to the faults.

The large northward-trending fault in secs. 5, 8, and 9, T. 12 N.,
R. 11 w. (pl. ¥ and fig. 6), displaced the San Andres and (:lorieta forma~
tions upward on the west side of the fault, where they are drained of
water. The fractured zone along the fault, however, allows large guanti-
ties of water to seep into the San Andres and Glorieta formations imme-
diately east of the fault scarp. Northward- and northeastward-trending
faults near Bluewater and the Anaconda Co. uranium mill may affect the
movenent of water considerably. The water table north and northwest of
Bluewater is characterized by large seasonal fluctuations and by large
declines in response to large withdrawals of water. The water-bearing
formations from the Anaconda Co. uranium mill southeastward toward Grants
are characterized by high permeability and by uniformly gradual seasonal
fluctuations of water level. The northeagtward-trending fault zone through
Grants and San Rafael has a displacement of many hundreds of feet and has
greatly impeded the movement of water through the area. Qjo del Gallo is
on this fault. The Chinle formation has been downfaulted against the San
Andres and Glorieta formations, blocking water movement and forcing the
water to rise to the surface along the fault zone.

Ground-Water Development and Use

Ground water in the Grants-Bluewater area was used principally for
stock and domestic supplies until recent years, although discharges of
some of the larger springs in the area have been used many years for ir-
rigation. Large quantities of ground water have been pumped for irriga-
tion use since 1944, and significant quantities of ground water have been
utilized in industry since 1951. If the present trend continues, the
water eventually will be used predominantly in industry. The locations
of wells in the Grants-Bluewater area, for which records were obtained,
are shown in plate 2, Records of wells are shown in table 4.

Domestic and Stock Use

Most of the domestic and stock wells were drilled after 1900.
Nearly all were drilled by the cable-tool method and have steel casing;
a few were dug. Not all the stock and domestic wells were inventoried,
although nearly all in sparsely settled areas were. Representative wells
were selected for inventory in areas where wells were numerous.

Springs provide water for domestic use in a few places, and many
springs in the Zuni Mountains and on the mesas in the vicinity of Mount
Taylor provide water for stock supplies; a few provide seasonal domestic
supplies.
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Relatively small quantities of water are adequate for stock and domes-
tic use, as compared with quantities required for municipal, industrial,
or irrigation use; as a result, stock and domestic wells tap most of the
geologic formations in the area. Most, however, tap the San Andres lime-
stone or the alluvium and basalt aguifer.

The diameter of the casing in most of the wells is 5 or 6 inches,
although 4-inch-diameter casing was used in many. A few wells equipped
with casing 8 or more inches in diameter are used for stock or domestic
supplies, Some of the larger~diameter wells were drilled as test wells
for irrigation but failed to yield adequate quantities of water.

If a stock or domestic well yields 5 gpm and is pumped 5 hours per
day throughout the year, the well would yield about 550,000 gallons, or
1.7 acre~feet of water per year. Few stock and domestic wells are pumped
te that extent; about 1 acre-foot of water per well per year is a more
realistic estimate.

Irrigation Use

The discharge of an artesian spring, Ojo del Gallo, at San Rafael
(fig. 12) had been used for many years to irrigate 1,200 acres of land
along the west side of Malpais Valley. The flow of this spring was esti-
mated by Morgan (1938) to be 7 cfs (cubic feet per second), or about 3,100
gpm., The discharge of the spring during the winter was allowed to flow
eastward into an adjacent swampland, or vega, having an area of 1,100
acres. The flow of the spring began to decrease gradually during the
mid-1940's, and the spring has been dry since 1953.

Because of the generally deficient supply of surface water for ir-
rigation in most years, interest gradually increased in the possibility
of pumping water from wells, The first successful irrigation well in
the Grants-Bluewater area (well 12.10.28.434) was drilled in August
1944, and the number of irrigation wells increased to 16 by the end of
1946. A total of 28 irrigation wells had been drilled in the area by
the end of 1954, and 23 of these were in use during the 1954 irrigation
season. In addition to the irrigation wells, 3 industrial and 4 muni-
cipal wells had been drilled by the end of 19854.

Additional development of ground water for irrigation has been neg-
ligible since 1854. Two additional wells intended for irrigation use
were drilled in 1955, but one of these has been converted to an industrial-
supply well; several of the older irrigation wells also have been converted
to industrial use. The amount of ground water pumped for irrigation, the
irrigated acreage, the number of wells used, and the number of water levels
measured annually in the area during the period 1945-~57 are shown in table 7.

Nearly all the irrigation wells tap the San Andres limestone. A few
wells tap both the alluvium and the San Andres limestone, and three small
irrigation wells tap only the alluvium. Three irrigation wells tap the
Chinle formation; however, several test wells for irrigation that tapped
the Chinle formation were abandoned because the quality of water was too
poor for irrigation.




A. Ojo del Gallo, a quarter of a mile north of San Rafael, Valencia County,
N. Mex.; in the SE} sec. 3, T. 10 N,, R. 10 W., on December 9, 1948,
The flow of water from the spring was estimated to be about 5 cubic
feet per second.

B. Qjo dellGailo on December 19, 1956. The water table was then below the
floor of the former spring pool.

FIGURE 12
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The average annual yield of irrigation wells in the area during the
period 1945-57 was 508 acre~feet per well.

Industrial Use

Ground water has been used in industry extensively only in the past
decade. REight large-capacity wells had been drilled for or converted to
industrial use by the spring of 1258. All industrial wells tap the San
Andres limestone. The wells range in depth from 135 to 971 feet. Yields
reportedly range from 200 to 2,400 gpm. Many of the wells are capable
of much larger yields, and some could yield more than 3,000 gpm, but their
yields are restricted by pump capacity or by the needs of the industry.

The first industrial well (11.10,26,133) probably was completed in
1944 at a depth of 135 feet, but definite records are not available.
The present owner reported that the well may have been deepened, perhaps
to as much as 300 feet, before he bought the site. The depth could not
be measured because of an obstruction in the casing just below the end
of the pump column. The well probably was drilled into the San Andres
limestone. It provides water to the Grants Lumber and Box Co. plant in
Grants and to several company-owned houses adjacent tco the plant,.

The Anaconda Co. uranium mill was the first industrial plant in the
area to develop and utilize large guantities of ground water. The first
Anaconda Co. well (12.11.24.411) was completed in 1951 at a depth of 360
feet; it discharged about 850 gpm with a small drawdown. A second well
(12.11.24.233) was completed in 1955 at a depth of 386 feet and was
tested at 2,100 gpm. Well 12.11.25.213, depth 236 feet, was converted
from irrigation to indusgtrial use in 1956. The well is pumped at about
2,400 gpm.

Well 11.10.27.241, a supply well for the ice plant at Grants, was
drilled to a depth of 158 feet in 1952. The well discharged about 1,600
gpm. The Dow Chemical Co. completed well 11.10.4.333 in 1947 at a depth
of 198 feet. Well 12.10.26.322a, depth 870 feet, drilled in 1955 as an
irrigation test well, was completed as an industrial well early in 1958,
and well 12.10,286.242 was drilled to a depth of 280 feet. The two wells
are used to supply water for the twin uranium mills built by Homestake-
Sapin and Homestake-New Mexico Partners. These two wells are at a greater
distance from the outcrop than most of the wells that tap the San Andres
limestone, and the water contains a larger amount of dissolved sclids
than water from other industrial wells nearer the recharge area.

Municipal and Community Use

The water systems of four municipalities (Grants, Bluewater, Milan,
and San Rafael) and one community (the Anaconda Co. housing area) are
supplied by wells, In addition, many motels and trailer courts have
wells.
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Grants (population about 10,200) was supplied by three clogely spaced
drilled wells adjacent to the Rio San Jose, in the southern part of the
city until 1958. City wells 1, 2, and 3, which range in depth from 95
to 111 feet, tap the alluvium and basalt. The depth 1o water in these
three wells was 11 feet in October 1946, but the water level had declined
to 29 feet by February 1257. Initial yields of the wells were about 80
gpm for well 1 and about 500 gpm each for wells 2 and 3. Declining
vields from these wells and a rapid increase in water requirements led
to a decision in 1957 to drill a deeper well, City well 4 was completed
in June 1958 at a total depth of 245 feet in the San Andres and Glorieta
formations. The depth to water in the well was 22 feet. A pumping test
of the well in June 1958 indicated a yield of 2,100 gpm, at a drawdown
of 12 feet, The use of well 4 for municipal supply has permitted abandon-
ment of the shallow wells. Water from the well is pumped directly into
the distribution system and into a large storage tank on the side of Black
Mesa near the northern city limits.

Bluewater is supplied by well 12.11,22,234., The well is 260 feet
deep and taps the San Andres limestone. The depth to water was 91 feet
in December 1946. The well is equipped with a submersible pump, and the
yield ig adequate to serve the needs of the village. Water is pumped
directly intc the distribution system and into a storage tank on a hiil-
side just southwest of the village.

Well 11.10.21.221, a former irrigation well, was converted to a
municipal-supply well for the village of Milan in 1956. It is 150 feet
deep and originally was capable of yielding more than 1,100 gpm. At the
time it was converted to a municipal well, it was equipped with a pump
designed to yield 400 gpm. The well taps sand and gravel in the valley
£fill. Well 11.10.21,144, which formerly supplied water for a vegetable-
packing shed, was converted to municipal use in 1957, The well is 126
feet deep and also taps sand and gravel in the valley fill. It is equipped
with a 200~-gpm pump. Both wells pump water directly into the distribution
system and into a large elevated tank adjacent to U. 8. Highway 66, within
the village limits,

The village of San Rafael for many years was dependent on a large
spring (0jo del Gallo) and on privately owned dug and drilled wells for
domestic water supplies, The San Rafael village supply well was drilled
to a depth of 148 feet in 1952. The well taps the San Andres limestone.
The depth to water in the well was reported to be 18 feet in May 1952 and
was 24 feet in February 1958, The well is equipped with an electric tur-
bine pump having a 2-inch discharge pipe; the yield is adequate to serve
the needs of the village. Water is pumped directly into the distribution
system and into a storage tank on the hillside west of the village.

The housing area at the Anaconda Co. uranium mill, 2 miles east of
Bluewater, is supplied with water from the mill wells. Most of the water
for the housing area is pumped from well 12.11,.24.411 which was drilled
in 1951 as the original supply well for the mill, The well is 360 feet
deep and taps the San Andres limestone. The depth to water in the well
was 149 feet in Pebruary 1953 and 161 feet in February 1956. The well
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discharged 600 gpm during a pumping test in July 1956. The water is pumped
into a large elevated tank at the mill size.

Fluctuations of Water Levels

Water levels from the mouth of Bluewater Canyon to the vicinity of
Bluewater decline rapidly in response to pumping of water for irrigation
and rise rapidly when surface water is released from Bluewater Reservoir
into Bluewater Creek and into the distribution canals of the Bluewater-
Toltec Irrigation Distriet. The irrigated area extending southeastward
from Bluewater to south of Grants, however, is characterized by smaller
water-level fluctuations in reponse to pumping, much smaller seasonal
fluctuations in ground-water levels, and slower responses to recharge
and discharge —- even though most ground water is pumped from this area,

S8easonal Fluctuations of Water Levels

Water levels in the irrigated area usually are highest in March or
April, before the beginning of the pumping season. Water levels usually
decline steadily during the pumping season, rising only slightly during
interruptions in pumping, and are lowest generally from July to October,
at the end of the pumping season. Water levels begin to rise again with
cessation of pumping and continue to rise throughout the winter and early
spring.

Long-Term Fluctuations of Water lLevels

North of Bluewater, water levels have declined 40 to 45 feet since
1946, the first year of record (fig. 8, well 12.11.9.221), whereas from
Bluewater southeast to near Grants the levels have declined only 18 to
20 feet. The large decline north of Bluewater may be due, in part at
least, to abnormally high water levels at the beginning of the period of
record. The aquifer undoubtedly was recharged greatly by irrigation-
canal seepage in 1841, 1842, and 1943, when flow past the gage in Blue-
water Canyon during the growing season was 26,260, 16,720, and 16,880
acre-feet, respectively. In 1944, the f£low past the gage near the mouth
of the canyon was 8,020 acre-feet for the entire year. Since 1944, the
flow past the gage during the growing season has averaged only 2,885
acre-feet per year.

Relation of Water Levels in Upper Part of
Area to Flow of Bluewater Creek

A part of the following section was prepared by C. 8. Conover, of
the Geological Survey, in 1950; it has been modified and expanded by the
writer.

Fluctuations of water levels in wells in the upper part of the Grants-
Bluewater irrigated area are related closely to the flow of Bluewater
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Creek. Records of water levels in recorder well 12.11.9.221 for 1948
and 1949 .and records of the daily flow at the gage near the mouth of
Bluewater Creek for the sane period provide the basis for this section.
These measurements were published in annual reports of the Geological
Survey (1948-48). A graph of fluctuations of the water level in well
12.11.9.221 is shown in figure 8,

In 1948, ground water was pumped for irrigation from wells in the
vicinity of recorder well 12,11,9.221 from April 10 to April 25, when
water from Bluewater Reservoir became available. The water level in the
recorder well declined slightly more than 2 feet during the pumping. The
nearest pumped well, 12,11,10.431, is 1.1 miles southeast of the recorder
well. The relatively large drawdown in the recorder well at such a great
distance from the nearest pumped well in such a short time suggests that
the aquifer is highly permeable but that the coefficient of storage is
low. Water levels in other observation wells in the vicinity, both pumped
and unused, fluctuated widely in reponse to the pumping of comparatively
small quantities of water or to the seepage of small guantities of water
to the aguifer from the irrigation canal. These large filuctuations in
water level are such as would prevail in an aguifer whose porosity re-
sults largely from fractures, rather than from openings between the parti-
cles constituting the aquifer.

The water level in the recorder well rose 1.7 feet from January to
March 1948. The total flow past the Bluewater Canyon gaging station,
all of which disappeared underground after leaving the mouth of Bluewater
Canyon, was 207 acre-feet during this time. Thus, the rise in water level
in the recorder well was 1 foot for each 122 aecre-feet of recharge to the
aquifer. Data provided by the Bluewater-Toltec Irrigation District indi-
cate that 900 acre-feet of water disappeared between the Bluewater Reser-
voir gaging station and the canal division point in sec. 9, T. 12 N., R.
11 w., from April 25 to October 19, when water was released from the re-
servoir. The total seepage loss during the period was 900 acre-feet plus
the average galin in flow in Bluewater Creek through the canyon of at
least 2 cfs (about 700 acre-feet during the period involved), about 1,600
acre~feet in all. The water level in the recorder well during this time
rose 9.5 feet, a rise of 1 foot for each 168 acre-feet of recharge. The
total recharge to the aguifer was about 1,800 acre-feet from January
through October 1948, Ground-water pumpage in the vicinity was estimated
to be 230 acre-feet, a net recharge to the aquifer of 1,570 acre-feet,
The net rise in water level in the recorder well during the period was
9 feet, a 1l-foot rise for each 175 acre-feet of recharge to the aquifer,

The seepage loss between the reservoir and the canal division point
in section 9 was reported to be 748 acre-feet in 1949, Ground-water
pumpage in the vicinity was 154 acre-feet. If we again assume a gain of
700 acre-feet in base streamflow, the net gain in ground-water storage
in the agquifer was about 1,300 acre-feet. The water level in the record-
er well in 1949 rose 7 feet, or 1 foot for each 185 acre-feet of recharge
to the aquifer. '

The preceding conclusions are only rough approximations. They are
based on the assumptions that natural outflow from the vicinity was constant
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and that recharge to the aquifer, other than seepage from Bluewater Creek
and the irrigation canal, was insignificant; these assumptions may not
be correct.

Assuming, however, that the preceding conclusions are approximately
correct, they may be used to approximate the amount of ground water that
has been removed from storage in the agquifer in the upper part of the
Grants~Bluewater area during 1946-57. The water level in the recorder
well declined from 115.,7 feet to 172.3 feet, a net decline of 56.6 feet
during 1946-57., If an average of 200 acre-feet of water is removed from
storage for each foot of decline in water level in the recorder well,
including recharge to the aquifer from sources other than seepage from
Bluewater Creek and the irrigation canal, approximately 11,000 acre-feet
of water was removed from storage in the vicinity during the period.

AQUIFER CHARACTERISTICS
By
H. 0. Reeder

The thickness and character of the material forming a water-bearing
bed, or aquifer, have a direct bearing on its hydraulic characteristics.
The two principal hydraulic properties of aguifers that influence the
yvield of water to wells and the accompanying lowering of water levels
are: 1) the ease with which water can move through the aquifer, expressed
quantitatively by the coefficient of transmissibility and 2) the coeffi-
cient of storage. The manner in which these two properties are related
to the water supply of an area can best be illustrated by stating the
effects of pumping a well.

A radial hydraulic gradient toward the well is established in the
aquifer, as the well is pumped, and causes the water to flow toward the
well. This gradient is established by a local decline of the water level,
and the lowest point on the water tahle or piezometric surface around the
well is at the pumped well. The shape of the surface is controlled in
part by the coefficient of transmissibility, That is, for a given pump-
ing rate, the greater the coefficient of transmissibility of an aquifer,
the more gentle the gradient toward the well will be, resulting in cor-
respondingly less drawdown in the well. The gradient toward the well
increases as the pumping rate increases. The discharge from a well can-
not be increased beyond the rate at which the hydraulic gradient can be
established in the aquifer; thus, the yield that a well can maintain is
restricted. The amount of restriction varies, depending on the aquifer
characteristics.

The discharge of a well in the initial period of pumping is released
from storage in the aquifer close to the well. As pumping continues, a
greater percentage of water is released from storage at greater distances
from the pumped well. The increase in volume of water released from
storage at greater distances is accompanied by a decrease in the rate of
decline of water level at the pumped well, The decline in water level
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will continue, at a decreasing rate, unless the discharge rate is changed
or unless the area of influence caused by pumping reaches impervious
bounddries, other areas of discharge, or areas of recharge. The greater
the coefficient of storage, the less water levels need to be lowered to
supply a unit volume of water.

The volumetric differences between the prepumping or static water
level and the surface resulting from pumping is shown by the cone of de~-
pression. The shape and position of the cone of depression are controlled
mainly by the coefficients of storage and transmissibility, the pumping
rate, and the time since pumping began. The water-level decline is great-
est at the pumped well and diminishes outward from the well. The effect
of pumping from a well commonly is noticeable in nearby wells tapping
the same aquifer, but the effect in more distant wells i1s less obvious.
Ojo del Gallo, formerly a spring near San Rafael, has ceased to flow be-
cause of pumping water from wells.

In the Grants-Bluewater area, as in many other areas in New Mexico,
recharge to the aqguifer or aqguifers from which wells are pumping water
cannot be increased by lowering the water levels. The pumpage has ex-
ceeded the natural discharge that has been intercepted; thus, most of the
water punped nmust come from storage in the aquifer, and water levels aust
continue to decline if pumpage continues to exceed the natural discharge
that is intercepted. The rate of decline in water level and the period
of usefulness of the aguifer as a large-scale source of water depend
largely on the smount of water pumped and the spacing of wells. Concen-
tration of wells of large yield causes water levels to decline more
rapidly in a small area, and the useful life of the aguifer will be
shortened substantially. Wider spacing and moderate pumping of wells
allow water levels to decline uniformly over a large area, and inflow
from areas of smaller ground-water withdrawals compensate partly for the
water pumped from storage. ’

A prediction of the rate of decline of water levels in the Grants-
Bluewater area, given a spacing of wells and pumping regimen, depends
largely on accurate determinations of the coefficients of transmisgsi-
bility and storage. The coefficient of storage is more important than
the coefficient of transmissibility in evaluating long-term effects of
pumping, but is more difficult to determine. Aquifer tests involving
observations of the magnitude and rate of decline of water levels in
regponse to pumping from a well at a known rate commonly yield informa-~
tion from which the coefficients of transmissibility and storage can be
computed. The extent to which an aquifer departs from an ideal homogene-
ous aguifer governs the accuracy of results of aguifer tests in which
standard analytical methods are used for determining the coefficients,

Aquifer Tests

The decline of water level, in feet, caused by pumping from storage
in anauifer at a point distant from its boundaries depends upon 1) the
coefficient of transmissibility (T); 2) the coefficient of storage (8);
3) the time (t), in days, since pumping began; 4) the distance (r), in
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feet, from the pumped well to the point where the effects are noted; and
5) the discharge (Q) of the well, in gallons per minute. The following
formula developed by Theis (1935) relates the drawdown (s) to the dis-
charge from an ideal homogeneous aguifer of large areal extent:

oo

H4.6Q | e ¥ du
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L&7 r%s
T

in which u = 1.87r2S and the other symbols and units are as defined above.
Tt

For an ideal aquifer, if drawdown is plotted against the logarithm
of time since pumping began, the points fall on a straight line after a
sufficient period of time has elapsed, and the coefficient of transmissi-
bility can be determined from the slope of the line. If the drawdown (s3)
in feet over one log cycle is used, the coefficient of transmissibility
can be determined by use of the following equation:

T = 264Q
51

The coefficient of transmissibility may be determined in the pumped
well by relating the residual drawdown (s2) to the logarithm of the ratio
of the time (t) since pumping began to the time (tj;) since pumping ceased,
as expressed in the following equation.

264 Q log 10
51

T =

Several aquifer tests were made in the Grants-Bluewater area to de-
termine the transmissibility of the water-bearing material and to determine
the effects of pumping on water levels. A test at the site of well 12.-
10.30.412 was made by C. 5. Conover in February 1950, and two tests at
the site of well 12.11.24.411 were made by W. L. Champion, R. E. Smith,
and E. H. Herrick, in October 1851. The fourth test was made at the site
of well 12.10.26.3%22a by L. T. Putnam, M. B. Compton, and P. D. Jordan
of the New Mexico State Engineer Office, in October 1856.

The coefficients of transmissibility and storage were computed from
the aquifer-test data by several methods. The method of analysis used
in three of the tesls related the recovery of the water levels in the
pumped wells to the logarithm of the ratio of the time since pumping
started to the time since pumping stopped, which is a modification of
the nonequilibrium method developed by Theis (1935). This procedure was
used because data were collected only from the pumped wells. The coeffi-
cient of storage generally cannot be computed realistically without data
on water levels in wells other than the pumped well. The observation-well
method {used only for the test at the site of well 12.10.30.412) included
the relation of the drawdown or recovery of the water levels in observa-
tion wells to the logarithm of t and the relation of the logarithm of

2
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drawdown or recovery of the water levels to the logarithm of Tt . These
relations can be illustrated and analyzed graphically. Results from
three tests were fairly uniform; the coefficient of transmissibility
ranged from 410,000 to 460,000 gpd (gallons per day) per foot. The re-
sults of a fourth test, however, indicated a coefficient of transmissi-
bility that was about 8 times greater. The tests are described below,
and the methods of analysis and results of all the tests are summarized
in table 8.

Test in the Vicinity of Well 12.10,30.412

An aguifer test was made in February 1850 at the site of well 12.-
10.30.412, 3 miles east-southeast of Bluewater, The well was pumped for
25 hours on February 9-10, 1950. Water levels were measured periodically
during the test in the pumped well and in two nearby wells (12.10.30.421
and 12.10.32.111). The discharge from the pumped well was 1,745 gpm.

The recovery of water levels was measured for 24 hours after pumping was
stopped.

Observation wells 12.10.30,421 and 12.10,.32,111 are 660 feet east
and about 3,000 feet southeast, respectively, of the pumped well. The
depths of the wells and related data are given in table 4, and logs of
the wells are given in table 6.

The relation of recovery of the water level in well 12,10.30.412
to the logarithm of the ratio of the time since pumping started to the
time since pumping stopped indicated a coefficient of transmissibility
of 3,400,000 gpd per foot.

The drawdowns in the two observation wells near well 12,10.30.412
also were used to evaluate the coefficient of transmissibility., The
transmissibility was calculated from the relation of the drawdown to
the distance of the observation well from the pumped well, plotted as
drawdown or recovery against the logarithm of t/r2. The coefficient of
transmissibility by this method ranged from 2,200,000 to 3,100,000 gpd
per foot, Many of the data did not plot con a straight line, indicating
that the water levels were affected by another factor or factors besides
punping. A coefficient of transmissibility of 3,100,000 gpd per foot
was indicated by both the drawdown and recovery data from well 12.10.30.-
421, and 2,300,000 and 2,200,000 gpd per foot were indicated by the draw-
down and recovery data, respectively, from well 12.10.32.111.

Data from the observation wells also were analyzed graphically by
plotting the logarithm of the drawdown or recovery against the logarithm
of r%/t. This method indicated a coefficient of transmissibility ranging
from 2,000,000 to 3,200,000 gpd per foot. A coefficient of transmissi-
bility of 3,200,000 gpd per foot was indicated by both drawdown and re-
covery data from well 12,106.30,421, and 2,500,000 and 2,000,000 by the
drawdown and recovery data from well 12.10.32.111,

Coefficients of transmissibility indicated by the logarithmic and semi-
logarithmic methods agree for the same well; that is, the coefificients




at well 12,10.30.421 ranged from 3,100,000 to 3,200,000 and at well
12.10.32.111 ranged from 2,000,000 to 2,500,000. Coefficients of trans-
missibility at well 12.10.30.42]1 more nearly agree with the coefficient
of 3,400,000 at the pumped well.

The coefficients of storage computed from the test ranged from
0.00042 to 0.0014, within the range of artesian conditions.

Tests in the Vicinity of Well 12.11.24.411

Two aguifer tests were made in October 1951 at the site of well
12,.11.24,411, 13 miles east of Bluewater. The well was pumped for 26
hours on October 18-19, 1951. Water levels were measured periodically
during the time of pumping and for 15 hours after the pump was stopped.
The discharge ranged from 575 to 625 gpm and averaged 600 gpm. The
well, during the second test, was pumped for 49% hours on October 22-
24, 1951. Water levels were measured periodically during the time of
pumping and for 464 hours after the pump was stopped. The discharge
ranged from 726 to 813 gpm and averaged 775 gpm,

Well 12.11.24.411 was drilled to a depth of 357 feet and cased with
182 feet of l4-inch casing and 80 feet of 12~inch casing. The 12-inch
casing was factory perforated and set at 248 to 328 feet in the well.
The principal aquifer tapped by the well is the San Andres limestone.
Other well data are given in table 4, and the log of the well is given
in table 6. One of two irrigation wells (12.11.25.213 or 12.11.25.214),
three-fourths of a mile to the southeast, was pumping most of the time
during the tests. These irrigation wells tap the same aquifer as the
test well, and their pumping probably affected the water levels in the
vicinity.

Several other events during the tests also caused irregularities
in the results., The pump was stopped for 2 minutes to adjust the pump
setting and for & minutes to refuel the engine during the drawdown part
of the first test.

The well was pumped less than an hour during the 65-hour recovery
period between the pumping tests, but it was not pumped within 40 hours
of the beginning of the second test. The pump was stopped for 1 hour
and 35 minutes to change engine o0il and again for about 2 minutes to add
0il, during the drawdown part of the second test.

The relation of the recovery of the water level to the logarithm of
the ratio of the time since pumping started to the time since pumping
stopped indicated coefficients of transmissibility in the vicinity of
well 12.11.24.411 of 410,000 and 430,000 gpd per foot, respectively.
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Test in the Vicinity of Well 12.10.26.322a

An aquifer test was made in October 1956 by pumping well 12.10.26.-
322a, which is 6 miles north of Grants and 7 miles east of Bluewater.
The well was pumped for 12 hours on October 15, during which time water
levels were measured periodically. Measurements were continued for 253
hours during the recovery of water levels, after the pump was stopped.
A barometer also was read periodically in order to eliminate from the
calculations the effects of changes in atmospheric pressure upon the water
levels in the well, The depth of the well and related data are given in
table 4, and the log of the well is given in table 6.

The discharge of the well was measured with an orifice gaging
assembly, and it averaged about 2,830 gpm.

The relation of the recovery of the water level to the logarithm
of the ratio of the time since pumping started to the time since punping
stopped indicated a coefficient of transmissibility of 460,000 gpd per
foot in the vicinity of well 12,10.26.322a.

The large differences in the coefficients of tramsmissibility in
the test at the site of well 12,10.30.412 (February 1950} and the tests
at the sites of wells 12.11.24,411 (Qctober 1951) and 12.10.26.322a
{(October 1956) are plausible because the permeability is expected to
differ greatly from place to place in the San Andres limestone of the
area; however, part of the large differences possibly is due to the fact
that well 12.10.30.412 taps the San Andres limestone and alluvium and
basalt, but the other wells tap only the San Andres limestone. Results
of the tests are given in table 8.

Specific Capacities of Wells

The specific capacities of irrigation wells in the Grants-Bluewater
area zlso were used to estimate coefficients of transmissibility. The
specific capacity is largely a measure of the performance of a well and
is expressed as the yield of a well in gpm per foot of drawdown. The
relation of the coefficient of transmissibility to the specific capacity
is affected by the diameter of the well and its effective radius, the
depth of well penetration into the aquifer, the efficiency of the well,
the coefficient of storage of the agquifer, and the rate and duration of
pumping. The coefficient of transmissibility for most artesian aquifers
roughly is 2,300 to 2,600 times the specific capacity of wells having the
diameters commonly constructed for irrigation or industrial use (Theis and
others, July 1954} . The curves prepared by Theis for relating the coeffi-
cients of transmissibility to specific capacities of wells were used for
this report. Entrance losses at a well, such as those caused by poor
screens or by unclean walls in the well, may cause excessive drawdown,
and the ratio of the transmissibility to specific capacity under such
circumstances may be more than 2,600, The specific capacities of the
wells that were tested ranged between 10 and 1,100 gpm per foot of draw-
down., This range in specific capacity indicates that the coefficient of
transmissibility ranges from 25,000 to 2,700,000 gpd per foot.
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The specific capacities of well 12.10.30.412, determined in Septlember
1946 and February 1950, indicate coefficients of transmigsibility of
2,700,000 and 1,700,000 gpd per foot, respectively, as compared with
3,400,000 determined in an aquifer test. The specific capucity ol well
12.11.24.411 indicates a coefficient of transmissibility of 1,100,000 gpd
per foot, as compared with 410,000 and 430,000 determined in aquifer tests.
The specific capacity of well 12.10.26.322a indicates a coefficient of
transmissibility of 410,000 gpd per foot, as compared with 460,000 deter-
mined in an aquifer test. The area is cut by numerous faults, so the
aquifer characteristics would be expected to differ greatly in short
distances.

Specific capacities in the Grants-Bluewater area ranged from 10 to
16 gpm per foot of drawdown in well 12.11.15.341 near Bluewater to 1,100
in well 12,10.30.412, 3 miles southeast of Bluewater. The specific capa-
city in the area within 13 miles of Toltec Siding ranges from 63 to 82
gpm per foot in most wells. The specific capacity was 158 gpm per foot
in well 12.10.26,322a, 3 miles northeast of Toltec Siding. The specific
capacity is 39 gpm per foot in well 11.10,27.,241, at Grants. The locali-
ties where higher specific capacities prevail coincide with the localities
that are characterized by wells of large yields that tap cavernous lime-
stone. The area in the vicinity of Toltec Siding, where the specific
capacity is relatively uniform, coincides with an area that is charact-
erized by highly permeable aquifers and seasonal fluctuations of water
levels that are uniform and gradual.

The specific capacities of wells in the Grants-Bluewater area may
change with time and place; however, many more data will be reguired to
determine trends in specific areas or wells because of the complexity
of the geoiogy.' The approximate specific capacities of wells in the
area are gliven in table 9.

CHEMICAL QUALITY OF THE GROUND WATER
By
J. L. Kunkler

Interest in the chemical quality of water has grown in recent years.
This interest has been stimulated by various groups who may have differ-
ent or even contradictory ideas of the optimum quality of water. The
housewife needs soft water, but generally the irrigation farmer needs hard
water. Industries commonly need soft water, and some industries may re-
guire water having very low concentrations of silica, iron, or other
constituents; however, some industries, such as the brewing industry,
prefer very hard water. Sources of water that satisfy the needs of all
interests are difficult to find in most parts of the country and are es-
pecially difficult in the arid Southwest, where water that is suitable
for any of the common uses may not be available. Other problems, such
as disposal of industrial waste and municipal sewage, have reached such
proportions that governmental agencies have become active in the field.
All these problems apply in the Granis-Bluewater area. Chemical analyses



of water from many wells and springs in the area are listed in table 10.

Factors that Influence Quality of Water

Recharge

Sources of recharge to the ground-water reserveir in the Grants-
Bluewater area are numerous, and it is difficult to evaluate the relative
influence of each. Little is known about the quality of recharge water,
largely because the collection of a representative group of samples of
recharge water was beyond the scope of this investigation.

The principal sources of recharge probably are precipitation and
runcff on the flanks of the Zuni uplift. Bluewater Creek contributes
recharge, and several other streams may contribute nearly as much. The
watercourses in Prop, Pole, and Limekiln Canyons probably contribute to
recharge, and the ephemeral flow in Zuni Canyon in its lower reach is a
source of recharge. Ephemeral flow in the watercourses traversing the
Grants-Bluewater Valley also contributes to the recharge of the ground-
water reservoir., Two other sources of recharge, sewage effluent and in-
dustrial waste, might be described better as contamination. Industrial
waste possibly is infiltrating into the ground-water reservoir in at
least one area, and sewage may be infiltrating in several areas. Some
agquifers, in addition to being recharged from surface sources, are re-
charged by interformational leakage and by inflow from adjacent areas.

Chemical Weathering Processes

Weathering processes generally are separated into two categories,
physical and chemical. Physical processes are indirectly important to
this study; chemical processes affect the quality of water directly and
profoundly. . .

The presence of some of the solute (dissolved solids) in ground
water is due to the solution of atmospheric gases and other substances
in the atmosphere, but by far the greater part is due to solution of the
by-products of chemical weaﬁhering within the lithologic environment.
The common rock-forming minerals differ widely in their resistance to
chemical weathering. The rate of decomposition is a function of many
variables, such as climate, crystal structure, shape and size of crystals,
and bhonding strength. Part of the decomposition products of minerals
remain in solution. Some of these products precipitate, and others re-
combine to form insoluble minerals. The types of insoluble products
that are formed also are a function of many variables.

411 types of rocks -- metamorphic, igneous, and sedimentary ~~ in
the Grants-Bluewater area are subject to chemical weathering. Metamor—
phic and igneous rocks generally weather more slowly and contribute less
solute to ground water than sedimentary rocks because they are composed,
on the whole, of more insoluble minerals. The metamorphic rocks and
the granite, which alsoc is possibly metamorphic, are exposed in the crest
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of the Zuni uplift and are buried under sedimentary rocks at lower eleva-
tions. Extrusive volcanic rocks include both mafic (rich in calcium,
iron, and magnesium) and felsic (rich in sodium, potassium, aluminum, and
silica) types. The mafic rocks include basaltic lava flows in the valley
and remnants of flows that cap some mesas. The felsic rocks include
several textural varieties, most of which have been deposited on the
flanks of Mount Taylor.

The principal chemical processes that decompose igneous rocks are
hydration and carbonation. The cations removed from the rocks are hy-
drated to bases, and the bases are converted to carbonates. The decom-
position of labradorite illustrates these principles:

(1) NagCagAlgSijg040 + 8H20~> Z2NaOH + 3Ca(OH)g + HgAlgSiiz040-

The aluminosilicic acid (HgAl185i12040), being unstable, decomposes

and forms insoluble by-products, but the bases react with carbon

dioxide and form carbonates.

(2) 2NaOH + 3Ca(OH)2 + 4COz - NazCO3 + 3CaC03 + 4H90. The soluble
products formed by reactions (1) and (2) are dissociated into their
ionic components. The carbonate radical reacts with water and car-
bon dioxide to form bicarbonate.

- -1
{3) Co3 + Ha0 + CO2 - 2HCO3 ~.
Thus, the soluble products resulting from the chemical weathering of

labradorite, a common mineral in mafic rocks, mainly are a mixture of
sodium and calcium bicarbonate.

The chemical decomposition of other common silicate minerals in mafic
rocks is not so easily illustrated as that of labradorite; however, the
decomposition reactions are nearly the same., The differences are that
other insoluble by-products may be formed and that the soluble by-products
usually include magnesium bicarbonate. Because of the formation of in-
soluble by-products, the correlation between the chemical composition
of the lithologic environment and the soluble by-products is only quali-
tative. Also, the preferential removal of some ions to form insoluble
by-products upsets the correlation.

The sedimentary rocks are composed of both detrital (sandstone,
siltstone, and shale} and nondetrital (limestone and gypsum) types, and
their mineral components range in solubility from insoluble to extremely
soluble. Although the direct contributions of inscoluble mineral compo-
nents to the salinity of ground water is insignificant, the indirect
contributions of certain insoluble clay minerals may, under favorable
conditions, be significant. The Chinle formation contains numerous beds
of clay that have formed through the chemical weathering of voleanic ash.
The minerals constituting the clay have a strong proclivity for ion-
exchange reactions, and their influence upon quality of water is dispro-
portionate to the abundance of the minerals. These reactions usually
involve the exchange of cations in solution and the loosely adsorbed
cations in the clay-mineral lattice. Moreover, because of the weak bond-
ing of the adsorbed cations, the exchange often is promiscucus, and the



chemical character of the salinity is altered completely. The high con-
centrations of sodium bicarbonate and. sodium sulfate of some waters,
such aé"many of those throughout northwestern New Mexico, can be traced
to ion-exchange reactions,

Calcite and dolomite are the most abundant of the more soluble
minerals in sedimentary rocks. These minerals form isomorphic series,
or so—-called solid solutions, with each other, and their chemical compo-
sitions are variable, Furthermore, these minerals may contain substan-
tial amounts of impurities, For these reasons ground water from some
limestone terranes may contain considerable amounts of ions other than
calcium, magnesium, and bicarbonate. The solubility of the minerals
calcite and dolomite is related to an equilibrium system containing car-
bon dioxide and water; they are only slightly soluble in pure water.
Their solubilities increase in an agueous solution containing carbon
dioxide. Furthermore, the fact that the scolubility of carbon dioxide
increases with pressure indirectly affects the solubilities of these
minerals. Their solubility also is a function of other factors, such
as temperature and salinity. The effect of these factors, however, is
not evaluated in this report.

Sedimentary rocks in the area alse contain anhydrite (calcium sul-
fate) and gypsum (hydrated calcium sulfate). Although these minerals
are more soluble than the carbonate minerals, they are less abundant.
Notwithstanding, they provide enough sclute to render some ground water
impotable. Ground water saturated with calcium sulfate generally is
harder, more saline, and more disagreeable to the taste than ground water
saturated with calcium or magnesium carbonate minerals.

Anhydrite and gypsum probably are the most soluble minerals in the
zone of saturation in the report area. Although the Chinle formation
contains some highly soluble alkaline-carbonate and alkaline-sulfate
minerals, they probably are confined to the zone of aeration. Ground
water in the Chinle formation is far from being saturated with these
minerals. The high percentage of sodium ions in ground water in the
Chinle formation is due to base-exchange reactions, not to the solution
of highly soluble sodium minerals.

Faults, joints, and other structural features may contribute in-
directly but significantly to the quality of ground water, especially
where they serve as conduits for the vertical and horizontal movement
of ground water. These fractures in some places may be growing larger
through the solution of minerals by moving ground water; elsewhere,
they may be growing smaller because of the deposition or hydration of
minerals. Some joints and faults have been sealed by selenite, a vari-
ety of gypsum. Numerous occurrences of aragonite in the fault scarps
and fault-line scarps of the Chinle formation also pgive support to the
thesis of underground deposition. If carbonate ninerals are being de-
posited in some of the fractures, the chemical equilibria for such de-
position should hecome increasingly favorable toward the zone of
artesian pressure. Because of the increase in solubility of carbon
dioxide with increase in hydraulic pressure, ground water in the zone




of artesian pressure may become supersaturated wiih carbonate mincrals,
in comparison with zones of lower pressure. Carbonate minerals, there-
fore, are-likely to be deposited in any opening that relieves pressure.

The release of hydraulic pressure is not the only explanation for
the deposition of carbonate minerals in the zone of saturation. If, as
the writer believes, ground water in the Chinle formation is chemically
incompatible with that in the San Andres limestone, the deposition of
carbonate minerals along any surface that forms the interface helween
the ground waters of these formations is a possibility. Some aragonite
may have been deposited in this manner.

Some ground water may be supersaturated with calcium carbonate at
atmospheric pressure. Such water, aside from being unsatisfactory for
many industries, would precipitate calcium carbonate upon the walls of
wells, well casings, and screens, and in storage tanks.

Punmping

Heavy pumping may be affecting the quality of water locally. Chemi-
cal analyses of water samples collected over a period of years indicate
that heavy pumping is improving the gquality of water in the southwestern
part of Grants-Bluewater Valley; it may affect the quality adversely in
other areas, however,

Evapotranspiration

Little is known about the effect of evapotranspiration upon the
quality of ground water in this area. The mineral content of shallow
ground water in some of the basalt in the lower part of the Grants-
Bluewater Valley, however, probably is being concentrated by evapotrans-
piration, whereas the mineral content of water in aquifers that are
overlain by thick or impermeable strata is relatively unaffected.

Chemical Character of Water in the Geologic Formations

Rocks older than the Yesc formation are not included in this section
because their potential for yielding ground water to wells is small.
Furthermore, the environments of these older rocks do not affect the
quality of ground water in the major aquifers.

Yeso Formation

The Yeso formation, like the older rocks, is not a likely source
of large supplies of ground water; but, unlike the older rocks, it has
been explored at various places for water supplies. Ground water may
move from the Yeso formation into the major aguifers and thus may affect
these aquifers. Few data are available on the quality of water in the



Yeso, but it is reported to range from fair to very poor, which is in
accordance with the geologic environment.

The lower member of the Yeso formation, the Meseta Blanca sandstone
member, may contain water of fair quality in places, especially near the
outcrop areas in the Zuni Mountains or in or near faults that are receiv-
ing water from higher formations. The upper part of the Yeso formation,
the San Ysidro member, contains considerable amounts of anhydrite and
gypsum and probably contains little water of good quality.

Glorieta Sandstone and San Andres lLimestone

The Glorieta sandstone and the San Andres limestone are treated as
a hydrologic unit in this report. The San Andres limestone is a more
productive agquifer, however, and the bulk of quality-of-water data per-
tain to this formation., The quality of water in the underlying Glorieta
sandstone generally is similar.

The San Andres limestone is an impure, somewhat dolomitized lime-
stone that contains some quartz sand. Lithologically the Glorieta sand-
stone grades into the San Andres limestone, but, in general, the Glorieta
contains a higher percentage of inscluble clastic material., These forma-
tions do not contain significant amounts of other soluble minerals, and
much of the solute in the ground water of these formations consists of
calcium, magnesium, and bicarbonate ions., Some ground water in these
formations, however, alsc contains high concentrations of sodium and
sulfate ions,

These different types of water occur within relatively short dis-
tances of each other, and the salinity varies within wide limits. Water
from well 11,10.8.111, which taps the San Andres limestone near its out-
crop, had a salinity of 354 ppm (parts per million) in July 1946, as
compared with 2,170 ppm at the same time in the water from well 12.10.-
23.233, which taps the San Andres limestone 4 miles east of its outcrop.
The water-level contours (pl. 2) indicate that water in the San Andres
does not move directly from well 11.106.8.111 to well 12.10.23.233, but
that it does move eastward firom the outcrop. Well 11.10.8.11l1 had a
concentration of 20 ppm of sodium and potassium, as compared with 379
ppr for well 12.10.23.233. The difference in salinity was about 6 fold,
but the difference in sodium and potassium concentration was about 19
fold., If these differences are compared on the basis of chemical equiva-
lents, which is more useful, they become more significant. Water from
well 11.10.8.111 contained 0,87 epm (equivalents per million, a concen-
tration involving reactive weights) of sodium and potassium, which is
14 percent of the total equivalents per million of cations. By compari-
son, the water from well 12.10.23.233 contained 16.49 epm of sodium and
potassium, which is 45 percent of the total equivalents per million of
cations. This comparison indicates a difference in sodium concentrations
that is disproportionate to the difference in other cation concentrations.

The analyses of water from these wells and from well 12.10.23,233a,
which taps only the Chinle formation, have been plotted to show their
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characteristic chemical patterns (fig. 13). These diagrams show that
the water from well 12.10.23.233 is not a simple mixture of water from
the Chinle formation and the San Andres limestone. Therefore, the com-
position of water in this well must reflect a complex origin. This
assumption is reasonable in view of the well's geographic and geologic
position.

Although the composition of water from these wells differs for num-
erous reasons, some of the difference may be ascribed to the lithologic
environment. The high concentration of sodium in water from well
12,.10.23.233 indicates envircommental differences at wells 11.10.8.111
and 12,10,23.233. The sodium probably was derived from the overlying
Chinle formation.

The Chinle formation does not contain an abundance of sodium miner-
als, but it contains a type of clay which tends to release sodium ions
into solution in exchange for other catiomns. Well 12.10.23.233 was
drilled through about 800 feet of the Chinle formation. The log of this
well indicates that the lower 120 feet probably contains deposits of this
clay, The casing in this well is perforated throughout its length, which
would allow mixing of water from the Chinle formation with water from
the underlying San Andres limestone., That the waters mix is further sup-
ported by compariscn of an analysis of a sample collected October 6, 1954,
with other analyses of water from this well. The sample that was collected
October 6 was characteristic of water from the Chinle formation. The
well had been pumped only a few hours at the time the sample was taken,
and it had not been pumped previously in the 1954 irrigation season.
Notwithstanding this exception, it is likely that this well ordinarily
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FIGURE 13. -— A graphic comparison of chemical analyses of water from
wells 11.10.8.111, 12.10.23,.233, and 12.10.23.233a, Valencia
County, N. Mex.
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vields water that is representative of ground water in the upper part of
the San Andres limestone. The yield from the Chinle formation ordinarily
will be an insignificant part of the total yield,

The high sodium concentrations in some waters from the San Andres
limestone undoubtedly are due in part to the percolation of ground water
from the Chinle formation, but several lines of evidence indicate that
the general effect of interformational mixing is minor. One argument
against extensive mixing is that the waters from these formations are
incompatible chemically, and if they were mixed in the proportions nec-
essary to account for the typical sodium concentration in water from
well 12.10.23.233, a completely different composition of scolute would
have resulted. Ground water in the San Andres limestone moving out under
the Chinle formation increases in sodium, calcium, and bicarbonate con-
centrations, a situation difficult to explain by interformational mixing
of incompatible waters. If the large increase in sodium concentration
in water beneath the Chinle formation is not due to interformational
leakage from the Chinle formation, it must be due to ion exchange, be-
cause that is the only plausible explanation for the changes that take
place in this environment.

The physical environment necessary for ion-exchange reactions of
this magnitude calls for a special explianation. The unconformity be-
tween the Chinle formation and the San Andres limestone probably is the
locale of these reactions. This contact is a rough, irregular surface.
A karst topography was developed on the San Andres limestone bhefore the
Chinle formation was deposited. Subsequent faulting has resulted in an
even morxe irregular contact. Moreover, it is possible that recently de-
veloped solution channels in the limestone are being partly filled with
clay from the Chinle formation. The Zone of contact between these forma-
tions, therefore, is a probable site for extensive ion-~exchange reactions.

Artesian pressure affects the composition of water in parts of the
San Andres limestone. The higher calcium concentration in water that
has moved under the Chinle formation is due in part to artesian pressure.
Water from well 12,10,23.233 is saturated, or perhaps slightly super-
saturated, with calcium carbonate, relative to atmosphexic pressure,

The dynamics responsible for the changing chemical quality of ground
water in this formation probably come to equilibrium in the viecinity of
well 12.10.23.233. A well drilled into the San Andres limesione in the
SE} sec. 22, T. 14 N., R. 10 W., about 20 miles north of well 12.10.23,233,
yields water that is strikingly similar in composition and salinity (tables
10 and 11) to that pumped from well 12.10.23.233. Furthermore, the compo-
sition of water pumped from well 12.10.23,232 has not changed with one
exception, over a period of 9 years (table 10), unique for ground water
in this area. The inference from these data is that well 12.10.23.233
vields water of the poorest quality. in the San Andres limestone in this
area, and, if the inference is correct, wells drilled into this forma-
tion farther from the outcrop area should yield water of similar quality.




~7Tl-

The pattern of change in the quality of ground water in this area
in the last decade, with major exceptions in the northern part of the
valley, is fairly well defined. In general, the quality of water from
wells nearest the San Andres outcrop tends to improve, and the quality
of water from those farther from the outcrop tends to deteriocrate. Water
from wells 11.10.16.121 and 12.11.25,313 has improved in quality, bhut
that from wells 11.10.4.211, 11.10.9.221, 12,11,10,431, and 12.11.15.341
has deteriorated, The quality of water from well 12,10.30.412, in an
intermediate position, is erratic; at times the well yields water of
better quality than is yielded at other times. Over a period of 10 years,
however, water from this well trends toward a slightly poorer quality.
These changes indicate that water is being drawn intc the area of heavy
pumping from several directions. Water of poorer guality is moving in
from the northwest and northeast, but water of better guality is moving
in from the southwest. The relative amounts moving from each direction
is conjectural, but most of the water moves in from the southwest.

Although the overlying alluvium may contribute some water of good
quality to the San Andres limestone, most of the infliow probably is de-
rived from another source. For example, well 12.11,25.313, near the
mouth of a stream that drains a large part of the Zuni uplift, yields
water that has improved more in gquality than that from any other well.
The -drainage area of this stream i1s largely on the outcrop of the San
Andres limestone. Furthermore, the composition of water from well
12,11,25,313 is similar in many respects to water from other wells
drilled into the San Andres limestone, where recharge from the alluvium
is not possible. Thus, it is concluded that most of the recharge water
of good quality moves along the dip slopes of the Zuni uplift. '

Chinle Formation

The most characteristic feature of ground water in the Chinle forma-
tion is the high proportion of sodium ions in the solute making the water
generally unsuitable for irrigation. Use of the water generally would
result in the formation of a 'black alkali' soil. If the salinity of
the water is low, however, as of water from wells 10.9.23.134, 10.9.26.~
433, 12.9.8.431, and 12.11.3.112a, the agricultural utility may be im-
proved by adding gypsum to either the water or the irrigated soil, In
general, however, the quality of water from the Chinle formation is too
poor for economical treatment, and its use is best confined to watering
stock,

The Chinle contains some briny water. The analysis of water from
well 12.10.1,222 indicates 9,590 ppm of chloride but only 34 ppm of bi-
carbonate. The composition of this water is unusual, More data are
necessary to interpret its history.

The data in table 10 probably are not representative of the compo-
sition of the water in this formation. The overail qualitiy probably is
worse than these data indicate. Some of the beds of sandstone should
yield water of fair quality to wells, but the yields probably would be
low because of the low permeability and poor recharge potential of these
rocks.
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Ajluvium and Basalt

The-pattern of gquality of water in the alluvium and basalt is not
well defined, The quality ranges widely within short distances and
varies within short periods of time because the sources of recharge are
numerous and because these sources may contribute water of different
quality at different times. Moreover, the lithologic environment dif-
fers widely from place to place.

The discharge of Horace Springs (10.9.23.400) is the outflow from
the alluvium and basalt at the lower end of the Grants-Bluewater area.
This water is intermediate in composition and solute concentration to
that within the Grants-Bluewater basin, If the discharge of Horace
Springs consisted only of outfliow from the Grants-Bluewater Valley, it
might furnish a more valuable clue to the overall gquality of water in
the rocks of the valley. The outflow at these springs, however, includes
that from the extensive Malpais Valley, which has at least twice the
drainage area of the Grants-Bluewater Valley,

Water from Grants city well 3 (11,10.26.,321), upgradient from the
Malpais Valley, probably is more representative of the outflow from the
Grants-Bluewater Valley. Water from this well has a higher salinity
than water from most wells tapping the alluvium, and most of the increase
in salinity is due to sodium ions. The higher concentration of solute
may be due to mixing with ground water moving into the main valley from
the north. 1If water from well 12.10.27.244 is representative of water
moving in from the north, the analysis of water from well 11.10,26.321
indicates that far more water is moving down the Grants-Bluewater Valley
than is moving in from the north.

Very little information is available on the major recharge sources
of these rocks. The composition of the water in the alluvium and basalt
of the Grants-Bluewater Valley is similar to that of some of the water
in the underlying San Andres limestone, to that of the recharge from the
Zuni uplift, and to that of some storm runoff in the Rio San Jose. The
composition is not similar to that of either ground water or storm run-
off from the Chinle formation or to the perennial flow in Bluewater Canyon.

The quality of water in the alluvium and basalt, such as in the
vicinity of Bluewater Station, is locally superior to that in the under-
lying San Andres limestone. These differences in quality were striking
at the time of data collection, but they may not be so pronounced at
present because contamination from indusirial waste may be spreading
rapidly through the alluvium, as is indicated by analyses of water from
well 12.11.14.213. The specific conductance, a measure of the ability
to conduct an electric current, of this water rose in less than a year
from 604 to 1,020 micromhos, and the nitrate concentration rose from 0.9
to 6.6 ppm. This well is a little more than a mile from a possible source
of contamination. Plans for a different disposal of waste from this source
have been formulated, If ground water has been contaminated from this
source and the plans are put into operation, the quality of the shallow
ground water should improve.
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Relation of Chemical Quality of Ground Water to Use

The main chemical-quality factors that should be considered when
evaluating water for irrigation include specific conductance; sodium-
adsorption~ratio; amount of boron; and, under some conditions, bicarbon-
ate content., Ii is not possible to classify water as suitable or un-
suitable for irrigation solely on the basis of a chemical analysis,
however. Other factors such as expected reactions in the soil solution,
permeability and drainage of the soil to be irrigated, guantity of water
to be applied, and boron and salt tolerances of the crops to be grown
must be considered.

The U. S§. Department of Agriculture (1958) has published a report
on the soils of this area. The report states that saline soils were
uncommon before ground water became the principal source of irrigation
water. A number of soil types in this area are unsuitable for irriga-
tion with the type of water available, but for one reason or ancther
they are not farmed extensively.

The method used in this report for classifying waters for irriga-
tion is based on salinity and sodium (alkali) hazards (U, 8. Salinity
Laboratory Staff, 1854). The salinity hazard is a function of the salin-
ity, expressed as specific conductance, and the sodium hazard is a func-
tion of the sodium, calcium, and magnesium concentrations, expressed in
equivalents per million. The latter fumnction is called the sodium=-
adsorption-ratio (SAR) and is mathematically defined as:

SAR = Nat// cat+ 1 Mgt+/2

All water for which analyses are available has been classified for
irrigation use (fig. 14). These data show that the formation of saline
soils is a real possibility under various farming conditions. It is to
be noted, alsc, that some ground waters are apt to form alkali soils;
however, this problem is not so serious as it appears. The waters pre-
senting high sodium or alkali hazards are, for the most part, from the
Chinle formation, which is an unlikely source of irrigation water.

The New Mexico Department of Public Health recommends for public
wiater supplies the standards set forth by the Federal government (U. S.
Public Health Service, 1946} for drinking water used by intersiate carriers.
Some of these limits, along with the corresponding concentrations in the
public water supplies of the study area, are given in table 12. A com-
parison of these values shows that most of the municipal-water supplies
of this area are defective in some respects. Of the four supplies tabu-
lated, only one (Milan) conforms in all respects to the recommended
standards. These diversities are not serious, but they might cause a
mild temporary diarrhea in some individuals under certain conditions.
Most of the wells that tap the principal aquifers yield potable water;
however, because of local enviromnmental factors, a few wells yield water
that is impotable. '

The requirements for industrial and commercial water are too varied
for a simple discussion. It will suffice to state that the quality of




ground water in this area is about average for the Southwest. Indivi-
duals interested in water for industrial and commercial enterprises
should evaluate the chemical analyses in table 10, and decide whether
a water supply suitable for their particular purpose is available.

Summary of Quality of Water

All water for which analyses are available has been classified for
irrigation (fig. 14). The salinity hazard of most waters is high. The
sodium or alkali hazard is low for all waters except for those from the
Chinle formation. The Chinle formation, however, ordinarily does not
yvield encugh water for irrigation. The agricultural utility of ground
water in this area is neither the best nor the worst. This water, under
good management, generally can be used without creating problem soils.

The municipal-water supply of Grants is very hard and the content
of dissolved solids is too high to be desirable; and the sulfate con-
centration is high enough to impart an objectionable taste to the water.

The water of best quality in the San Andres limestone is that in
the southwestern part of the Grants-Bluewater Valley. The alluvium con-
tains some water of good quality in the vicinity of Grants, Milan, and
Bluewater Station, but the supply may not be reliable and is subject to
contamination from several sources, especially at Grants; therefore, it
is no longer used for public supply at Grants.

The quality of water in Malpais Valley should be investigated, as
the valley may be underlain in part by ground water of good or fair
gquality.

CONCLUSIONS

The Grants-Bluewater area was studied in order to learn the general
availability and chemical quality of ground water and the probable effect
of pumping on water levels.

The area is situated favorably for continued economic growth be-
cause 1) it is served by excellent rail and highway facilities; 2} it
is near large reserves of minerals, such as uranium, fluorspar, pumice,
and coal; 3) pine forests in the Zuni Mountains and Mount Taylor areas
provide material for a wood-products industry; 4) irrigation agriculture
in the fertile Grants-Bluewater Valley produces excellent vegetable
crops, especially carrots; 5) forage on the high mesas and mountains
supports large herds of livestock; and 6) Bluewater Reservolr, the Zuni
Mountains, and Mcount Taylor are popular recreational centers which at-
tract thousands of visitors each year. Overall economic development
depends, however, on the availability of large quantities of water,
which is supplied largely from ground-water reservoirs. The supply of
grond water in this area is greater than any that has been evaluated in
any other part of northwestern New Mexico.
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The Glorieta sandstone and the overlying San Andres limestone which
contains many interconnecting solution channels and cavernous zZones form
the principal ground-water reservoir or aguifer. Alluvium and basalt
form a ground-water reservoir of secondary importance.

Most of the wells that tap the principal aquifer are completed in
the San Andres limestone. However, as water is withdrawn from the San
Andres, inflow from the Glorieta sandstone is induced.

Wells that tap the San Andres limestone range in depth from 100 to
980 feet; the majority range from 100 to 300 feet. The depth to water
in the wells ranges from 20 to 250 feet.

The yields of wells that tap the San Andres limestone range from
500 to 2,800 gpm. Specific capacities range from 10 to 1,100 gpm per
foot of drawdown; the average specific capacity is about 200 gpm per
foot of drawdown.

The salinity of water in the principal aquifer varies within wide
limits. The solute in the water consists largely of calcium, maghesium,
and bicarbonate ions; but some of the water, especially where the aquifer
is overlain by clays of the Chinle formation, also has high concentrations
of sodium and sulfate. The water of best quality is that in a narrow
belt between Bluewater and Milan, The concentration of dissolved solids
in the water of this belt generally ranges from 350 to 750 ppm. In other
parts of the agquifer, the concentrations of dissolved solids are as high
as 2,200 ppm.

The chemical quality of water yielded by many wells that tap the
San Andres limestone has changed in the last decade, and the quality
will continue to change gradually, as ground water moves into the area
of heavy pumping, because the guality varies widely in short distances,
At some places the quality improves; at other places it deteriorates.

Grants, Bluewater, San Rafael, and several outlying housing proj-
ects and trailer courts are supplied with water from the San Andres
limestone. Of these communities, Grants has water of poorest quality.
It has a hardness of 671 ppm and contains 1,350 ppm of dissolved solids
and 498 ppm of sulfate which imparts a disagreeable taste to the water,

Large quantities of water of inferior quality probably are avail-
able in the principal aquifer north, east, and south of the areas of
current pumping. The water in these areas may not be chemically accept-
able for domestic use and for many types of industrial use, without
treatment. Also, the aquifer is progressively deeper to the north, east,
and south. Despite the obstacles, these areas assure a large supply of
water for the future.

Wells that tap the alluvium and basalt aguifer range in depth from
30 to 370 feet; the depth to water in the wells ranges from 10 to 120
feet. This aguifer yields as much as 1,000 gpm to wells. The specific
capacity of oniy one was determined; it was 31 gpm per foot of drawdown.
The largest yields, and also the water of best chemical quality in the
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alluvium and basalt, are obtained in the vicinity of Bluewater Station
and Milan. Because the water table in the alluvium and basalt generally
is shalleow, the water is susceptible to bacterial contamination. For
this reason, and because the yield was inadequate, the municipal wells
at Grants that tap the alluvium and bhasalt have been abandoned.

The potential yield and the chemical quality of ground water in
the alluvium and basalt in Malpais Valley, southeast of Grants, has
hardly heen explored. Further exploration in this valley may reveal at
least local underground reservoirs containing large amounts of usable
water.

Most, 1f not all, of the geologic formations in the Grants-Bluewater
area yield adegquate quantities of water for domestic and stock use, but
much of the water in formations other than those forming the principal
aguifers is of inferior chemical quality.

The Bluewater Underground Water Basin was declared by the State
Engineer, as provided by law, on May 21, 1856 (New Mexico Stiate Engineer
Office, 1958}, to reguliate the use of ground water. Appropriation of
ground water since that time has been permitted only to supplement ex-
isting surface-water rights. The number of irrigation wells in the area
had increased from 7 in 1945 to a maximum of 23 in 1951. A few indus-
trial and municipal wells had been drilled since 1851, and some of the
irrigation wells had been converted to industrial and municipal supply.
Industrial and municipal use of ground water hasg increased each year
since 1951. This increase, however, has been compensated approximately
hy an equivalent decrease in irrigation use, so that the total amount
of ground water pumped each year has remained almost constant at about
13,000 acre-feet a year. The rate of annual pumpage is not expected to
decrease for 9 years at least.

Withdrawal of large amounts of ground water has caused water levels
to decline significantly since 1946, when regular water-level measure-
ments began. North of Bluewater, levels have declined 40 to 45 feet;
from Bluewater southeast to near Grants, the levels have declined 18 to
20 feet. 0jo del Gallo, a spring which formerly discharged about,K 3,100
gpm, has ceased to flow because of the decline in water levels caused
by pumping and extended drought. Water levels likely will continue to
decline as long as large~scale pumping continues, because pumping of
ground water is a new discharge that has been imposed upon an approxi-
mately stable ground-water system. The rate of decline should decrease
as pumping continues, however, because water will be drawn into the area
of heavy pumping from increasingly greater distances. If enough watier
is available in Bluewater Reservoir in some years to provide surface
water for irrigation, the ground-water reservoir will be replenished
temporarily to some extent from irrigation seepage, and pumping for ir-
rigation will be reduced. Ixcessive precipitation for a year or two
also might retard the downward trend of water levels, or even cause a
temporary rise. On the other hand, an increase in use of ground water
will accelerate the rate of decline of water levels. Continued pumping
of ground water probably will affect further its natural discharge south
and southeast of Grants and near McCartys.
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The importance of the large supply of ground water in the Grants-
Bluewater area to the economy of that area and to New Mexico in general
can hardly be overemphasized. Therefore, a detailed investigation of
this and adjoining areas would be desirable to 1} evaluate quantitative-
1y the volume, accessibility, and chemical quality of the ground water;
2} learn more of the relation of ground water to runoff and spring dis-
charge; 3) explore the possibilities of inducing ground-water recharge
and the effects of induced recharge on downstream runcff and on chemi-
cal quality of ground water in the recharged areas; and 4) provide the
factual basisg for water-management programs to assure maximum benefits

from water use.
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TABLE 1
CLIMATOLOGICAL SUMMARY FOR STATIONS IN THE GENERAL VICINITY OF THE GRANTS-BLUEWATER AREA,
VALENCIA AND MCKINLEY COUNTIES, N. MEX.

Last
complete Years Alti-
year of of tude
Station record record (feet) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov, Dec. Annual
Average monthly and annual precipitation (inches)
Bluewater 1856 40 6,650 0.44 0,48 0.46 0.42 0.52 0.56 2.01 2.21 1.39 0.69 0.40 0.45 10.10
Grants 1955 9 6,500 .39 20 .44 .38 .46 .57 1.69 2.47 .79 .30 .36 .26 8,31
San Fidel 1955 29 6,100 .38 .48 .46 .59 .85 79 1,70 2.09 1.54 .67 .41 .49 10,45
Fort Wingate 1956 51 7,000 .81 1.31 1.04 .90 .59 .61 2.16 2.36 1,42 1.06 .73 .97 14,086
Laguna 1956 32 5,815 .37 .49 .45 .79 .64 79 2,04 1.66 1.60 .65 AT .66 10.61
Average monthly and annual temperature (degrees F.)
1
o)
Bluewater 1953 45 6,650 27.2 32.3 38.5 47.1 54,9 6444 68.7 66.4 59.3 49.0 36.7 28.3 47.7 ?
Grants 1954 g 6,500 30,7 36.0 40.8 51.5 58.8 67.9 73,3 70.3 64.6 53.6 39.2 32,7 51.6
San Fidel 1953 30 6,100 30,7 35.9 42,0 ©50.5 59.3 68.3 72,3 69.9 62.9 52.0 39.6 32.6 51.3
Fort Wingate 1956 28 7,000 31.3 35.0 39.9 48.0 56.0 65.1 69.8 67.4 62.2 51.4 40.9 32.7 50.0
Laguna 1856 24 5,815 33.2 37.8 44.1 52.4 60.5 70.1 74.3 72.7 65.6 54,3 42.4 33.4 B3.4

Average monthly and annual evaporation rate (inches)

Gamerco (Gallup),
McKinley County 1928 7 6,750 1.52 2,75 5.67 8,77 12.95 15.69 12.48 10.52 9.13 6,99 3.%2 1.39 ©1.39
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TABLE 2
GAGED FLOW IN BLUEWATER CREEK NEAR BLUEWATER, VALENCIA COUNTY, N. MEX,,
1913-56, ACRES IRRIGATED BY SURFACE WATER IN THE BLUEWATER-TOLTEC IRRI-
GATION DISTRICT, AND AMOUNT OF SURFACE WATER APPLIED TO IRRIGATED LANDS

(Location of gage: Lat, 35°17°'50", long. :08°01740", in WiSW} sec, 5, T. 12 N.,
R. 11 W., on left bank 2% miles northwest of Bluewater and 8 miles downstream
from Bluewater Dam. Drainage area, 235 square miles, runoff is regulated by
Bluewater Reservoir. Records for 1913-30 from New Mexico State Engineer Tech,
Rept. 7, rounded in accordance with Geological Survey standards, Records for
1931-56 {rom U. §, Geel., Survey Water-Supply Papers, and unpublished records,)

Flow past gage on Bluewaier Creel

Acre-feet
Calendar Acre-feet during Acre-feet of
vear per Acre-feet growing Acres surface water
calendar per water season irrigated by applied to
year year l/ (Apr-Sept) surface water irrigated land

1913 6,260 6,030 5,370
1914 10,800 10,830 3,680
1815 28,400 27,480 18,580
1916 I 40, 200 11,210
1917 3,490 7,21C 2,100
1918 4,810 4,750 1,060
1819 I I 1
1920 N N N
1821 I 1 4,380
1922 1,540 1,530 384
1923 10, 400 8,830 4,840
1924 7,110 8,790 1,800
1925 3,140 2,740 344
1826 24,450 24,020 11,030
1927 23,770 24,550 14,210
1928 2,900 2,700 2,420
1929 4,380 3,880 2,340
1930 8, 200 8,750 7,030
1931 3,800 4,150 3, 560
1932 12,230 10, 800 10,230 3,720 6,031
1933 12,000 12,800 10,000 3,440 5,307
1934 4,370 4,980 3,880 2,480 2,050
1935 9,860 9,320 9,120 - -
1938 11,370 11,390 10, 380 2,740 -
1937 13,180 12,830 11,700 - -
1938 12,800 12,710 11,020 3,080 -
1939 9,170 2,740 8,340 - -
1940 4,600 4,760 4,200 - -
1941 28,930 27,090 26, 260 3,770 -
1942 20, 560 20,706 ., 16,720 3,820 -
1843 19, 340 20,020 16,880 4,300 -
1944 8,020 9,210 7,380 2,100 -
1945 4,150 4,170 4,000 1,200 E 2,400 E
1946 414 315 181 o} G
1947 887 687 309 4] 0
1948 8,630 8,410 7,980 1,500 E 4,630
1949 8,030 9,000 8,170 1,700 E 4,630
1950 838 1,080 417 ¢} ¢}
1951 490 536 242 0 0
1952 7,480 7,140 6,870 2,000 E 4,500 E
1953 776 1,080 358 ¢} o}
1954 684 679 410 0 o]
1955 430 502 223 0 0
1956 251 104 o 0
E - Estimated, 1/ Water year is Ffrom October 1 of previous year
I - Incomplete record, T to September 30 of year indicated.

N - No record.




TABLE 3
GENERALIZED STRATIGRAPHIC SECTION AND WATER~BEARING CHARACTERISTICS COF GEOLOGIC FORMATIONS
IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

L Thicknesas i
Syastem Series Subdivision (£1} Physical character Water supply
QUATERNARY Recent Aliluvium 0- 50 Valley~fill deposits of unconsolidated silt, Yields adequate quantities of water
clay, sand, and gravel. for stock and domestic supplies at
many places and for irrigation
logally,
PleigtocenelBasalt g~ 200 Dense to vesicular black basalt, extruded as Yields adequate quantities of water
and Recent lava flows of varying thickness and extent, for stock and domestic supplies at
many places,
Pleistocene|Alluvium - 100 Valley fill deposits of sand, gravel, silt, Yields adequate guantities of water
and clay. for stock and domestic supplies at
many places and for irrigation in
favorable localities in valley.
QUATERNARY(?) |Pleistocene|Basaltic - Basaltic cinder cones, plugs, and dikes. Ground-water possibilities not
AND TERTIARY! (?) and rocks known.
Pliocene
TERTIARY Pliocene Extrusive d- 300 Basalt, rhyolite, &nd tuff breccia. Yields water to springs at base of
rocks basalt flows at favorable locali-
ties along rims of high mesas.
CRETACEOUS Upper Mesaverde 1,000~1, 500 Gray to yellowish-buff silty shale and thin- Not utilized for water supply in
Cretaceous| group, un-— to thick-bedded fine-grained sandstone, with the Grants-~Bluewater area, Yields
divided some local coal bedsg. adequate quantities of water for
dtock and domestic supplies in
adjacent areas.
Mancos shale 700~ 800 Platy, calcareous dark-gray marine shale, with | Not utiiized for water supply in
some thick-hedded sandstones in lower part. the Grants-Bluewater area.
Upper and |Bakeota 50- 100 Massive, medium- {¢ coarse-grained yellowish- Not utilized for water supply in
Lower (?) sandstone buff sandstone, locally with interbedded the Grants-Bluewater area. Yields
Cretaceous siltstone. adequate gquantities of water for
stock and domestic supplieg in
adjacent areas.
JURASSIC {Upper Morrison 300- 500 Claystone and silistone, vari-colored, Mot utilized for water supply in
Jurassic formation interbedded with fine- to medium~grained the Grants-Bluewater area. Yields
sandstone, adequate quantities of water for
stock and domestic supplies in
adjacent aress.
San Rafael group, 450- 700 Fine- to medium-grained, in part silty, vari- Yields adequate guantities of water

undivided

colored sandstone, siltstone, end claystone,
with some limestone in lower part, and mass-—
ive cross-bedded reddish-brown to orange
sandstone in basal part.

for stock and domestic supplies in
northern and eastern parts of area,

_Lg_



TABLE 3 (continued)

Thickness
System Series Subdivision £t Physical character Water supply
TRIASSIC Upper Wingate sand- 60~ 100 Hassive, cross~bedded reddish-brown to eorange Yields adequate guantities of water
Triassic stone sandstone. for stock and domestic use.
Chinle 1,400-1,600 Variegated siltstone and mudstone, with inter- | Yields adequate quantities of water
formation bedded silty sandstone and some conglomeratic for stock and domestic supplies
sandstone. The formation contains some thin and for irrigation in some locali-
limestores in the upper part, a2 thick sandstone] ties in the valley.
unit near the middle, considerable sandstone
in the lower part; locally, coarse-grained to
conglemeratic sandstone occurs in the basal
part.
PERMIAN Leconard San Andres 80- 150 Thick-bedded to massive light gray limestone, Yields adeguate quantities of water
limestone sandy limestone, and limy sandstone. The for irrigation, industrial, and
limestone strata are caverous in many locali- municipal supplies.
ties. I
Glorieta 125~ 300 | Thick-bedded to massive, well-sorted medium-— Yields adeguate guantities of water %
sandstone grained white to yellowish pgray sandstone withi for irrigation, inddstrial, and 1
limonitic flecks. Some interbedded siltstione municipal supplies.
in basal part,
Yeso formation 350- 500 Orange to red siltstone and fine grained silty | Yields adequate quantities of water
sandstone, with a few thin-bedded limestones for domestic and stock supplies
in lower middle part, and a thick-bedded to and at a few places for irrigation.
massive cross-bedded fine-grained silty sand-
stone in basal part of formation. Some of the
siltstone is gypsiferous.
Abo formation 500~ BGO Dark brick-red to reddish-brown arkosic sand- Hot utilized for water supply in
stone and siltstone, with numerous layers of the Grants-Bluewater area, as the
Wolfcamp | conglomerate in lower part, formation is deeply buried except
in the Zuni Mountains.
PENNSYLVANIAN - 0~ 480 Arkose and conglomerate, and a few thin arkosic|Water-bearing properties not
(?) limestone lenses and beds of shale, known ,
PRECAMBRIAN - Granite, gneiss, metarhyolite, schist, and Water-bearing properties not
greenstone, known .




Locatlon muaber:
system in Texl.

Altirude: Elevation algwe sea ievel of land surface
1y deteraived by aperoid; L, determined
by spirit level survey, T, entrapolseted from topo-

at well,

graphic map.

Depth of well M, ceasursd: otk rwise reported,

BER &XDPLARLTIOR U1 WEIL RUBGETING

Water lavel: Measured depthe given to Bearest onos
tenth foot; reported depths given to nearest foot,

Yield: M, measured; E, estimnted; otherwise reported.

Puzping level; Measured depths given to nearest one-
tenth foor; reported depths given to nearest foot.

Type of puzp: €, cylinder; J, jet; ¥, none; Su, sub-

TABLE 4
RECORDS OF WELLS IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

Type of power: B, butene; D, diesel; E, e¢lectrie;
G, gasuvline; NG, natural gas; W, windmill,

vse of water: D, domeatic; I, irrigetison; Ind, i
industrial; Mu, municipal; ¥, steck; N, none. ’
Symbol denctes intended use, past or future, gen~

erally at tipe of first Seagurement of water ievel.

Bemarks: An, chenical analyais availabie; L, well

aeratble; T, turhine, log avallable.
T H T Wwater level Pumpling level
| ; Diag- Bepth Bopth
! i Bepth eter Bedaw Yield below
; ! Yeur of of 1 Principal water-bearing bed 1 sur—- [Date of Date of laur- Date of TypeiType tse
Locatien | PAner Gr con- well casing ] Character ol‘j Stratigraphic| fece odsures| Rute |moRsure-|face neasure~ of of | oof
AumBeT | Batke friiler pleted, Altitude} (Lt) (i) ¢ mAterigl unit (ft) cent (grpm) ment 1) ment pump|puEer |Water Remarks
. [ :
2, 9. 3.33% 1Su!nny 5. Turner Drig.Co. : 1946 6,702L 650 ] !Snndstnnc Entrada{?) ss.|350 1947 20 1847 - - [+] G 8
1 Gottlieb |
5,214 da. da. [I3:1:01 B, 5161 210 [ Red sandstone | Wingete(?) =u.|125.2 5-27-58 6 1956 - - c W 5 L
4 ! | H ; 124.3 | 11-13+57]
25.224 R, B. 4o, so- 16,6304 - 7T - )Bluff(?) ws, |224.1 |12-28-55 - - - - [ G [
Candelaria ' ' ! 225.0 | 11-1357]
$.10.10.414 | Alfredo - - 6,519L & 104 'y = | - 4.2 t12- 3-18 = - - - [ W 5
kiratal i i b 1.0 | 11-13-57)
15.212 do. - - 6, 529L 164N L - - 59.6 1-21-5g - d - - < " 1
' i 101.4 | 7-27-56
33,110 . do. Turner Drig.Co. 1942 6,760A 347M 6 | - San Andrea{?) {325.4 ! 12-28-55 - - - - c ] 5
i is. 327.3 (11~ g~5¥
10, 8,17,5it3 Sidney §. @5 1835 ! 6,4391, ToH 7 Alluvium ALluvium IL.9 | G-14-49| AW 11— 7-57 - = [ W 5  |An; L
" Gottlied i 43.4 | 11-12057]
21.222 o BEN 1949 §,398L 70 & Basalt Basalt 47.5 (12~ B8-50] 3| - 7-5% - - c W 5
47.6 [}31-12-57] |
21,223 de. do. 1989 §,4921 202 14 |Basalt und Alluviva and - - - - - - ¥ ’] - K 101l tept. Upper 202 ft. drilled
. ‘ i { gravel i bamaly H by Turser Drig. Co. log of
. i h this pirt of hole avatlable,
| ; Totrl depth of test well
; 4,913 ¢,
21,9494 deor. . 1845 1‘ 6,4007 ' B & Red sandstone : Entrads as. 44.0 [12-312-5] 10 1353 - - [ G 5
! : 44.6 | 7-31-56 !
23,136 do. do. 1948 ! 6,330A T - - - 38,8 | §-14-49 - - - - X - K :Test hole, uncaped.
23.134 do. do. 1950 5.334L 11,035 12 [Red beds Chiinle fam, + -2 ] 12e)3.50 150 1950 180 1850 T - I An; L; fiow of 5 gpm when com-
! ; 14,8 |11~13-57! i pleted; reperted to yield 100
: i : : gpe from & depth of 465 ft.
| i i ! | ! before decpening,
23.442 do. i da, 1248 | G, 280T 30 7 ;,A:Lluvmm Alluvium 4.3 G-14-49" [ 1949 o - ' - J ' E ]
23 ai3n o, do. | 1981 | 6, 2B0T as | 7 Busalt Bassit - - - b= - I . EF (D [L
26,224 do. ! do. © 1836 - 6,273% pluvi 23 do. da, 8.8 :10- 3~44| - - I | - [ 5
: | i 8.7 | B- 3-5§ : ; |
26.433 dao. H go. "1847 0 6,347 985 | 14 iRed asndstone ]Chinle fm. 21.7 | 1= 4-51 175wl 1851 ¢ - - T lx [1,5 |An
! | | 22,0 (13~13-57; i :
142 Yaria Paypss : - i 1947+ B§,409L 20K - AT1uviun ‘Alluvl\m 29.3 ;10-17-50! - - - : - N - 'D,5 [Dug well with buycket 1ift,
! : i X 26.0 | 9-26-5 i : : { : Caved Nov. 1957.
29,132 Sidoey S. iTurner Drlg.Co. | 1934 |, 6,455L 80 ¥ do, | da, 60.8 | 6-14-48! - - Poe - e o W 8
Gottlteb ; : | 82.4 | 11-13-67 i | : ; i
3:.324 do. : da. L899 ] 6,4B1L 165 7 do. 1 do. 71.6 ¢ G-14-48] a 1949 - ! - e 3 w 3
i : ! 74.8 11-12-570 ] i i
w30, 2433 Joe Padilla - - DB, 4807 178 - do, do. 9.8 2- 3-47; - - - - - i EL?) D 4z ft. dug well, not curbed;
; ! ' 16.0 | 2- 8-56 i i | 1 : went dry in 1955.
3.4333  San Rafael K. 4. Huey 1952 | 6,470 | 148 6 |Yellow sand- |San Andves 1s.]| 18 e A R Pr ] E fw heo
Viliage | stane 25.8 1l 8-57; i ] i i M
H¥.322 Husialio ! - 1954 56,1607 - 10 - - 23.8 T=27-36¢ -t - P g - in ‘ - TN
Candelaria i , | ! ; :
ITA3F  Eifego Barela E. T. Hoard HFLEES 6,460T 200 18 - : - ?1.4 | T-2¥-5§ a0 1953 = ¢ - I T B T
13184 Ted Orise Ogcar Carter 19754 6,162T g B tsundsmne Chinle(?) fm. 32.5 . ¥-25-58 ap | 1mss L - | - (4 G 1 .
15, 331 Edd:ie Chaver Jehn Lowxry 1956 1507 554 - - : - ! 23.7 ¢ T-25-56 - i - t - ! - [ L - ¥ |Irrigatien test hele, unceased.
22,210 Chavles Boren N. H. Wade 1958 4, 4557 70 6 Gravel SALlaviun ! 23 | 8-19-58 - - - ! - 1 - - 'p &
22.211 A. U, Worthen f. P. Waprshen 1952 &, 3557 pi 5] Fine sand : do. f 2T | 7-35-36 - | - \F - | - [4 I'g s
22 2lie dai do . 1953 6, 3557 138 @ ! do’ dor . T 26.% | 7-25-36 150 | 1856 | = | - TG T L
sidnev §. - A9ES 6,445T T 4 Alluvium L1 [ 33.0 ;1i~13-57 3] 1957 - \ - | & G s
Gottlieb ! . | ! i 1 i
du. - D155 §,440T 20 4 do. i do. | 74.9 111-12-57 - L= - - tE - 1oy




TABLE 4 (continued)

¥ater level Pumping level
Dizn- Bepth Depth
Depth eter below eld below
Year of of Principal wvater-beering bed | sur- |[Date of Date of aur- Date of | Type|Type Use
Location SOom= wall casing | Chardcter of | Stratigriphic face 2aBUTew measure~{ iace medaures of af of
tunber pleted] Altitude) (£t) (in} material unit [¢43] mont ment | L£t) Tent putp] power [water) Restarks
12,10.12.433 1945 8,625T 100 8 Alluvius Atluvium 58.6 [11-30-55 - - - [ w 8
58,1 | 7-25-58
14,212 1945Ai 6,621L - 8 - - - - 1956 B3,3| ?-25-36] ¢ w 5 Water level in ebandoned weil
15 ft, &9, 50,1 fr., 7-25-%56.
20.333a T45T €, 570T 275 10 Timcstone San aApdres 15, 118.4 | 2~13-57 P - = N - N T; batied at 20 gpum; Bo ap-
124,4 | 8-17-57 preciable drewdows.
?3.233 IT.A. Hovria & 1845 &,592L 885 20 flandatone do. 115,86 }.2-26-46 1048 | 1ES3| 6-22-51) T 4 I An; L
Bon 147.8 8- 1-5T,
23,2338 |G. P. Roundy £1944 6, 594L 500 10 - Chinle fo, 73/ 7-11-46 - - - < " 5 An; topoerted te have been test
: puzped at 200 fpa,
Z5,242  Homostake- 1953 6,535T 98D 12 - San Andres 18, 133.% 5-22-58 §-21-58[ 165 ¢ 5+31-58F T B Ind{An; L
26,322 1950 6,573% 400 20 - Chinle fa, 70.9 i 5-26-58 - - - 8u | B o Original depth 844 ft.; casinpg
collapaed at 400 fi. during
i puEping teat.
26.322a : 1955 8,57ZL 870 20 Bundstone Sen Andres ls. |1Z2,4 1613565 - - - T E 1 An; L
124.4 |11-14-57
27.244 1845 6,574L JITIH 8 - Alluvium 80.5 | T-25-%6 - - - [ E Dys | An
" B8.6 | 2~13-57
27,333 1949 &,5577 551 20 Limestons Ban Andres is.| 87.0 4-18-50 10- Z-56 ].:_30:2 10- z-3§ T |E,HG I An; L
N 103.7 | 4-12-58 ¢
7. 431 1255 6,5687L 584 16 Handatone do. 112.2 |10-15-35% - 156.0 T=17-58 T D I Amr; L
1i¢.7 {iG~ 2-56
29,434 1944 §,5527 152 I8 Alliuvium Alluvium §5.5 {10-14-44 G-28-56{ 101,2 Bw1B-48 T n I An; L; test hole drilled to
8.7 a-13-5T7 205 It.
28,4348 1948 €, 554T 398 18 - fax Andres 1s.| 84.7 2-15-51 5+11-48; 107.¢ 8- 1-58 T E 3 An, L
lpi.2 | 2-13-57
35,117 1925% 6,580T 280 [} Rapdpione do. 108.0 2= 3-47 - 125.1 Z-11-33] € W 0,8 An
143.1 } 6-28-%8
50,242 1930% | §,369T 160 5 Sand and Alluvium 88,4 5-19-48 - 108.9{ 10~ 8-53; C G B8 [AR; L
gravel 106, 7 2~11~55
3,332 - 4, 585T 230 B - Ban Andres 18, [I06.5 | 2- 4-47 1950 - - T g D,¥ | Oid oll-test hole, Cleaned sut
11,3 2+10-49 and caged to 230 ft. in 1948
by Turoer Drig. Co.
30.333 1915 6, 58171 175 L] Bandstone do. - - - - - < L D
30.412 1945 6,578L 225 18 do, do. $0.0 242846 2-10-501128.8 8- 1-56| T E I An; L
112.6 2-33-57
20 .421 1948 6,576T 45 14 pandrock and do. 88.4 2-25-46 &r 4-471121.4 E- 566] T B H An; L
shells 118,.8 | 2-13+57
30,433 " G, 57T 135 | - Fandstone do. - - - - - - - ¥ [An
31.211 1957 6, 875T 175 ] - do. 121.9 §11-17-57 1957 - - 8 E D L
32,111 1946 6, 568T 253 20 Bandstane do. 82,1 2-26-416 B-25-521119,5] 10- 2-56( T E I An; L
112.5 § 2-13-57
az.z211 1809 6,5537 135 5 Gravel Ailuvium T5.5 1-4-47 - - - c ¥ b,
33.444 1943 6, 5427 195 6 - Chinle fm. - - 1542 - - c B n An; L
. 34,214 1951 G, 558T 275 12 - do. Bl.5 {10- 2-%6 - - - [+ L D An; former trrigation well,
34.412 1852 6,557L a78 16 - Chinle fa. & 101.% 2~13-57 - " - T o I An; L
. San Andres ls{ -~
12.11. 3.112a 1457 G, 700T 200 7 Pandztone Chinle {m, §3.8 1-28-58 - - - Bu | B ) An; L
3.342 1944 6,660T 150 4 - do. 126.6 | B-31-56 - - - 50| E b
4,243 - §,653L 64 [:] - Chinle fm, (7) | - - - - - [ W ]
5.343 1348 6,710T 255 - Bandstone Chinle f=. 179 2-27-46 2-23-45_! - - R - N L
5.413 1848 65,7107 65 8 - do. 192.0 2-11-49 - - - N - H L
237.2 2-12-57
5.114a 1948 8,862T 523 18 Lizestone Sen Andres 18. (136.1 | 2-11-49 - - - hi - K An (sauple from 145 to 178 f¢.
175.5 § 2-12-57 during drillizg)
9.221 194% 6,8451 500 26 Eandstone do. 115.7 | 2-27-46 - - - 3 - H L; equipped with water level
172,3 | 2-11-67 recorder in 6-in, caaing.
9.424 1946 | 6,641T 500 | 14 de. san Andres ls. | 83,8 | 5-10-46 - - - Nol- N |An; L, abandoned irrigation
& Yeso fa, 134.5 | 2-12-%7 well.
10,334 1952 6,636L 464 18 timestone San Andres ls, 1127 2- 51 1854 - - T E I An; L

1
w
v




TABLE 4 (continued)

el

i Wator lovel . Pumpiog teowi 1 |
L piawm- - P Depin | Deptn i ;
! bDepth | erer ¢ e low yield _brlew : H ]
! Teat ‘ of i ol Privoipal water-bearing bod  ser- Date of , iDate of = sur- ' Paty ot Tepe: Type | Use
[P L AT Guner Ly R arag weli 0 cAasiRg 0 Character I Stra raphaiy - fase  melsares; Bale ::(‘-nur-‘~-| face . omoasures ef ol | of
[T Dryiter pledvd Aitittade| (fr) I (o) material anit [$3%] mZent | {gen) ; rent () meht P powe s wa e tetarss
12,11.10.344 ;J.C. Church Turner Grig.Co. 1948 j §,536T ; s | 8 Sandstone ;Sau Andres ls.i181,7 4- G-48 - [ i - - T | E ;b1 L fl
10431 Claude M. £haries Barnes | 1838 | G,630T i 2186 I 1 - ichinle fo. ‘yig.3 ! 5-10"46| - - | - - H - R Well went dry in 1853,
! Bowiin . | 1 : { | I i ! |
1o.4lka | da. J. H. #right 1951 6,510T 1 238 6 ! - s da. ;lﬁ{) Lo 95 - i P - C i E s ] ’
10.431 [ Burton C. [Howard Shests 1945 ¢ 6,635L | F00 1% Y¥eilow sand  Sin Andres 1s. 1037 0 2-27446| 2 1l0M! 6- 5-47] - : - l T E I L am; L
" Johns ‘ . 169.0 | 9~ 5-57, : : ; i |
11.331  puase Tarner Brig.Co. 1946 &,6320 ;1% 3 - [Alluviua and 1216 G—-Z‘-’—SGJ - [ 1‘ - i - P E D.5  An
Bereyhill ! | wosait ] I : | ! | !
14.213 da. ‘Cecrl Schrader (449 5,605, 115 4 Band, gravel do. 98.3 | - B-sD, - 1 =~ - . - A ¥ i AR, test hole.
: . ; 100.5 | 2- 656! i : i i .
11.311  Fred W.Freas - - | esast | 0 8 f a0, do. - - e b e - LN - ¥ bang L; well destroved by high-
| i | ‘ ! : ! | way construciion 1953
15.331  G. P. Houndy Hubkell Dros. 1353 6, 6157 | 130 E) : = da, - b= A v -] - J D . An
15.111 John Church  Turrer Dykg.Co, 1544 6,635 ' Doo i 3 ! - Chinle fm, 1i6.2 § 3=11~471 ~ | = [ | - [ N |
15,211 G. P. Roundy J. F. Kiezell 1954 6,832 | 450 16 lsancstone 1Sun Andres Ys.|156.5 | 2-i3~57,2,000E; 7-19-5¢ 195.3] 7-18-56! T | E 1 Am L
15.214 do, Dert Brooks - 8,639T o8 4 Sand and gravelAlluvium 2ol e, - 1 - [ ; - N - ¥ | L; well abandoned.
15823 AT.E5.F. Gus Mulhniband 1806 6,630T ' 7as 12 Bandstone gﬁﬂn Andres ig. 120 806 &0 1906 1 20 1506 H i - . H ' L, well abapdoned about 1933
Railrond X | i ! { i | Plugged back to BE) It
15.321a Harmon k Reid L.V.FlizRater i54B &, 6311 i35 - ' - H dat 109 12 3-35] 1, 9008 $-To-49 - i - T E 1 T | AFEECTE by puapang well
l | | ! | i 12.11.10,32%.
15,311 Edward Preps  Turners Drig.Co. I3 &,627F FET 14 Gandstene IGlorieid ss. 96,3 B~ 447 - - - H - N { - € 3 |An; L; drilied to 30 ft,
; i 1149.4 | 2-13-57 ! E , ; depth in Aug. 1946; deepened
! ! | I | ! to 457 f:. in Oct. 1951
15.422  Myerick Pros. Oscar Carter 1E50 &,6257 37 4 - TChinle fm. (7} | 92 - - I - 3 - [ W n | L
15.230  E.B. Bowlin  Heary Brock - 6,G40T 15, & - tvess . (7) 123.7 - - i- ; - [ ] ¥ 8 (AL
0422 J.F. Xetlson Mr. Brasher 1346 6,670A RTINS ¥ Sandutene da. 244.0 - - - : ~ € E [ :An; L
: : 2132
22,144 T.F. MeNeill T.J. Mcherll 18986 6, 6107 376, ] ‘ - ; - Ly - - [ e < ‘ G { 5 .
z2.230 JF. Heilson - 1502 6,615T 7 8 H = Glorieta ss. {7100 - - - - c W 5 !
22.434 Chureh of E.A. Tretjen - B, 68T a0 ! 8 - San Andres 1s. | T7.4 - - v - 5 E Mu ;An; serves as nuncipdl supply
Latter Bay ; I i a1.4 ! : ! well for Biuewater village. t
Saints : [ ' : ! { Deepencd by Turner Drlg.Ca. w
22.242 . J.F. Neilson g5 1940 | 6,6147 798 . 8 Fands tone do, 50 - - - - W s 1L [ox)
¥2.322  Gen M Rowley Tarser Drig.Cs. @ 1341 B,670% | 583 B - - 131 - .- e - [ ] g L AR §
22,414 . Hassell . - 1946 6.829T | 244 20 H - San Andres 110,86 - [ - - [ - K "wWell deepeasd from 520 fr. to
: ; | 15.47) 140.% i : i t | 544 f1. spring 1548
2B CELAL Tietier EAL Tietjen 11914 §,815T | 120 iz Sandstone San Andres ls.| &0 - P ' - - e W D,5 {An
22.414  G.P. Roundy do, '1908 . §,61ar | 500 [ 8 do. ! ds. (] - - | - - C W 5 L
3.7 da. ECT. Hoard (7} = ; 6,6I0T 11,088 ; b - I - T BE.6 - - [ - Su | & § ! ¥ield {nsuifictent fer
i i H ; arrigation well,
23.231 1 do. Turper Drig.co. 1934 | 6,808T | 300 ! 4 - San Andres le. ' 69.5 - - ; - - < W 5 jAn; L
I . ‘ ! L 718
23,333 | do. Eroest Boardman 1980 | §,630T | 350 | 16 - - [ [ - 15 1957 ! - | - ! N oo ' B !ywm inaufficient far
! ! i : | | 1 | ]‘ i D rrigstian well,
24,233 {The Araconda Howard Sheets 1955 6,613L - 35eM | ib - San Andres 1s, |157 { 1=14-55{2, 100M] 2= f-0% 224 [ 1) T B T Ind | An
| Conpany . : i 156 | 1-13-56 : ! J
24,331 Peter Mr. Moyers 11853 . 6,588T 230 ¢ 6 - da. o owms2 18 | 1853 | - - Posulo® p|an
Chalamidas i i i i } :
24,334 da. Turner Drip. Co. ' 1953 6,5351 502 110 Lizestone ! do. i60 1853 ¢ - - i - - . 5u{E I 1
24,411 The Anaconda Hiward Sheets 1951 6,8120 ass | iz i da, ; d3. 142.3 2-18-53] 64D T-18~56: 155.2 2=-313-55 T E DInd i dn; L
Company ! 161,45 2~ B-56 : | H
21424 do. E.A. Tietjen - 6, 5307 F . - - 6.4 - 5-10-48] - - - - P ] w s |
25,122 do. Turner Delg.Cs. ~ 6,535T 20 8 Lizestene San Apdres 1z, 483 [ de geas) - - - - T | E | 5 |4n: well docpened Trom 149 f£3
i ' ; | ! ! ; ! | _to 260 fur. Apri} 1, 1948
25,122 do, - - GLE5T | 133 B - - CERHLE T~ 45 - P [ - L, Cor W s
11198 91786 i ! ] :
25.213 da. L.G. Stesrns 1946 65837 | 236 18 Lizes tone Sun Andres s C106.8 © 2- 3-47[2,1708F $-26-33/ 138 5, 2-13-57. T - E 1 Ind [An; L
! i 9.3 3-16-56 i | |
25,2k ., Turner Drig. o 1915 68,0817 : 218 13 g, do. W9.2 | 2-27-481 1, 800E i<)w‘.27~.*::!1 137.G 6~11-35. T E ind {aAn, L
i | 1326 | Be13-5T i ! .
25,313  (Harwso & Rewd der 1945 68,6057 ¢+ 365 18 do. da 124,35 | 2= 3-47 L,000M} - 4-47 - - T G 1 An
1 ' 150.2 | 2-13-5 |
26,2242 (G. P. Ruendy Oscar Carter 13 6,606T 1264 & - - 158.1 ° 7-1g-5 - - - - Su  E b
25,240 ¢ dax T.J. YeNetl) 1332 6§,665T 200 b Zandstene Gloriets as. - - - - - - v W D,s Well deepened from 165 {t. to
E ' ' 20U fr. in 1951,
26128 da, ‘Hubbeli @ . 1852 BLELIT | 2ES & - 160,110~ 2-38; - - - I - [§ W 5
27,222 Haroig ProwisyTurmer Boig . Cx. 0 15386 4,630T 70 [:3 Sandsrone 156,1 0 2= 345 - - - ‘ - [ W 5
! : ! ' ) 179.3 | 2- 7es6 1‘ | ;
18,228 [S.E. Seilwon E.A. Tictyen 1911 6,7T10T | 312 5 - dn. - [ [ R - - I W 8 Water ercobntered at 210 fr.
! ! ; | J | | epen weil wap drilled.

* Hand-dog well with oo casing,




TABLE

5

RECORDS OF SPRINGS IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

Explanation of Column Headings

location number: See explanation of well-mumberiang system in text.

Altitude: Elevation above sea level of land surface at spring.

Yield: M, measured; E, estimated; otherwise reported.
Use of water: D, domestic; I, irrigation; 8§, stock.

Remarks: An,

chemical analysis available.

L, determined by spirit level survey; T, extrapolated from topographic map.

Yield
Principal water-bearing bed Rate of
Location Topographic Character Stratigraphic flow Date of Use of
nunber Owner ¢pr name Altitude situation of material unit {gpm) measurenent! water Remarks
10. 9. 6.442 | Sidney Gottlieb 6,401L | Valley floor | Lava flow Basalt 0.5E | 5-13-58 s An
23.400 | Horace Springs 86,2761 do. do. do. 2,C00E 5-13-57 D,s,1 Flow issues from a series
of openings along and ad-
jacent to Rio San Jose.
10.10. 3.423} Ojo del Gallo 6,449L | Valley floor | Limestone and}San Andres 1ls. - - 5,1 An; formerly used to irri-~
below fault sandstone gate about 1,200 acres of
scarp land, Spring pool dry
since 1953.
10,11.17.231 | Malpais Spring 7,430T Valley Lava fliow Basalt 70E L2-12-33 s An; formerly used for locao-
motives on lrumber railroad,.
12,11.18,142 i Canyon floor | Alluvium Alluvium 0.75 3~24-49 5 Formerly used for domestic
SUppliy.

PSSR

..5,6....
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TABLE 6
LOGS OF WELLS AND TEST HOLES IN THE GRANTS~BLUEWATER AREA,
VALENCIA COUNTY, N. MEX.

(The following logs of wells and test holes were furnished by drillers, land
owners, indusirial companies, and other organizations. In general, the
lithologic terminology is that of the persons who furnished the information.
The rocks termed "malpais’ in many of the logs are the same as the basalt
flow rocks described elsewhere in this report. The stratigraphic correla-
tions were made by E, D. Gordon. Many of the logs have been rearranged
slightly for clarity and uniformity of presentation.)

Thickness Depth
Stratigraphic unit and material {(feet) (feet)

12,10.26.242 Homestake-Sapin Partners

Casing record: 902 feet of 16-inch casing, cement in place from bottom to
surface, 87 feet of 12 3/4-inch shutter screen set below hottom of
16-inch casing.

QUATERNARY SYSTEM:
Top soil (clay, sand, and gravel) ............. 30 30

Red clay and gravel ........ r e usa s s a s, S0 120

TRIASSIC SYSTLM:
Chinle formation:

Clay, red ...covaevenn Shase e et merens 90 210
Shale, red; traces of blue shale ........... 5 215
Shale, red; some hard white rock .......... . 5 220
Shale, red and gray ....... CearebsEa s 5 225
Shale, red and blue ......... e e e ety 10 235
Shale, red a8nd Era8y ...civceeeconnesannoronns 5 240
Clay or shale, red ............... reee e 33 275
Sandstone, gray, hard ..... caaens P e 25 300
Sandstone and shale, red ........c0tineennnn 85 385
Clay and sandstone, gray ..e..eeeesensncrans 10 395
Shale, clay, and sandstone .......... e 30 425
Shale and clay ...t iivonnnonnn sesaeee 15 440
Shale and limestone ......evaivsvnsnes areeaean 5 445
Clay and sandsione ......svru. C e e 35 480
Clay and shale ....cevvvanroveceensanrn N 15 495
Clay and sandstone ..... o r i 5 300
Clay . .iuii i iiieeirieea s hea e 500
Sandstone, white and blue; some red clay ... 20 520
Sandstone, white; some blue clay ....coveenn 15 535
Clay, gray, and hard shale .......... ceeraan 35 570
Shale and sandstone .....c..oiinnecnrnanrares 10 5380
Clay and shale, gray ........ feee s aaaeae e, 20 600
Shale and sandstone ....... e s 45 645
Shale, sandstone, and limestone ............ 5 650
Shale, purple, and gray sandsione ........., 15 665
Shale and gray Clay +overertvuinevnasesssnnas 5 570
Shale, gray, and sandston? ......icoes0a044. 10 680

SBhale, gray and red ...uviiiiineenscoansannas 40 720




-06-

TABLE 6 (caontinued)
Thickness Depth
S8tratigraphic unit and material {(feet) {(feet)

12.10.26.242 Homestake-Sapin Partners {continued)

TRIASSIC SYSTEM (continued)
Chinle formation (continued)

R SR i

Clay and shale, varicclored, and sandstone ... 115 835
Shale, gray and brown ........... e e s s e 5 840
Shale, purple and gray .......uievecncrsancesns 5] 845
Shale, purple, gray, and red; and red sand-
StONE . .vcuenns BN . sereans cearens ] 880
Clay, light-red, and gray sandstone e 5 855 “
Shale, gray, and sandstone ...... e 5 860 i
Shale, red and gray ..... crataraaa ceaae e ceres 20 880
Shale, gray, and sandstone ......cicevvnensnnn 10 890
Shale, purple and gray, and sandstone ........ 5 895
Sandsione and gray shale ........ccceeennn e 5 200
Shale, purple and red, and sandstone ......... 35 935
Shale, gray, and sandstone ....... S easeeaasaee 25 960
Shale, gray and red, and boulders ............ 10 970
Shale, purple, red, and gray, and sandsfone .. 5 975

PERMIAN SYSTEM:
San Andres limestone:
Tost circulation .ecvecerioeersansansans e 5 980

12.10.26.322a Homestake-New Mexico Partners

QUATERNARY SYSTEM:
Valley fill:
Sand, grayish-orange, fine to coarse, rounded;
chiefly frosted, quartz grains; some grayish-

orange clay ..... et eeses et ar e ae e 10 10
Sand, grayish-orange, fine to coarse, rounded;

chiefly frosted quartz ....... tes e 20 30
Sand, light-brown, fine to coarse, rounded;

light~brown, frosted quartz ............c0... 10 40
Sand, light-brown, fine to very coarse, round-

ed to subrounded; chiefly quartz ....cevnvaes 10 50

S8and, light-brown, fine to very coarse, 90

percent rounded to angular quartz grains;

less than 10 percent light-olive-gray lime-

stone fragments ......ciiiiieranns e srase. 10 60
Sand, grayish-orange, fine to very coarse, 30

percent subrounded to angular quartz; some

medium to very coarse rock fragments; obsid-

ian, and fossil fragments ..... Chesrrerraes .. 10 70
Sand, grayish-orange; fine to coarse with

granules, quartz 50 percent subrounded to

angular quartz grains; some fossils ......... 10 80
Sand, grayish-orange, fine to coarse with

granules, 60 percent rounded to angular,

frosted quartz grains; some subrounded shell

fragments ....iviseii i ottt araanansess 10 90
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TABLE 6 (continued)
Thickness bepth
Stratigraphic unit and material {feet) (feet)

12.10.26.322a Homestake-New Mexico Pariners (coniinued)

QUATERNARY SYSTEM (continued)
valley fill (continued)
Sand, grayish-orange-pink, fine to coarse with
granules; 30 percent rounded to subangular,
frosted quartz grains; some subrounded shell
fragments ....ce0eenn e £ 4 100
Sand, silty, grayish-red; sand is medium to
very coarse with granules; 30 percent rounded
to angular, frosted quartz ......... .00 vun . 10 110

TRIASSIC SYSTEM:
Chinle formation:

Shale, sand, and gravel; 65 percent grayish-

red shale; 20 percent fine to coarse, rounded

to subangular quartz; 15 percent subrounded

to angular gravel ... ..ot iinenns ceer e . 10 120
Shale, sand, and gravel; 70 percent grayish-

red shale; 15 percent medium to coarse,

rounded to angular, frosted quart=z; 15 per-

cent subrounded to angular gravel ........... 20 140
Shaie, sand, and gravel; 60 percent grayish-

red shale; 20 percent fine to medium, sub-

rounded quartz, sand; 20 percent subrounded

gravel ...... heessar e S s et eaaes Ceverraaas 10 150
Shale, sandstone, and gravel; 60 percent gray-

ish-red shale; light-gray, very fine-grained

sandstone with subrounded, frosted quartz

grains; 20 percent subrounded gravel ........ 10 160
Sandstone, shale, and gravel; 50 percent

light-gray, very fine- to fine-grained sand-

stone with subrounded grains; 25 percent gray

ish~red shale; 25 percent subrounded gravel . 10 170
Shale and sandstone; 80 percent grayish-red

shale; 20 percent very fine to fine and sub-

rounded frosted guartz grains ....... s aaeaas 10 180
Shale and sand; 80 percent grayish-red shale;

20 percent very fine to fine, subrounded to

angular sand ...eeenenane D~ ¢ 200
Shale and sand; 90 percent grayish-red shale;

10 percent very fine, rounded to angular

quartz sand grains .....svsevsresacravsarasas 20 220
Shale, grayish-red ......vevvnnnvurnarnen ceves 70 280
Shale, grayish-red; less than 5 percent frost-

ed grains of very fine; subrounded, quartz

sand ..... rhaemaen fesraseenens D R4 300
Shale and sandstone; 60 percent grayish-red

shale; 40 percent light-gray, frosted quartz,

very fine-grained sandstone with rounded to

angular, frosted quartz grains ........ veaa.s 20 320
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TABLE 6 (continued)
Thicknesgs Depth
Stratigraphic unit and material (feet) (feet)

12.10.26.322a Homestake-~New Mexico Partners (continued)

TRIASSIC SYSTEM (continued)
Chinle formation (continued)
Shale and sandstone; 80 percent grayish-red

shale; 20 percent light-gray, very fine-

grained sandstone with round to angular

quUATEZ EXrains .eeeeeessssrrscasvenssnrnes eeas 10 330
Shale, grayish-ved ....... teeriaresearras ceees 20 350
Shale and sandstone; 60 percent grayish-red

shale; 40 percent light-~gray, very fine-

grained sandstone with rounded to angular,

frosted quartz grains ............ Chre e aesan 20 370
Shale and sandstone; BC percent grayish-red

shale; 20 percent light-gray, very fine-

grained quartz sandstone .......civ000n. ceea. 40 410
Shale and sandstone; 80 percent grayish-red

shale; 20 percent light-gray, very fine-

grained sandstone in lenses 2 mm wide banded

with shale .. ..vireneireisariainascersonnnees 20 430
Shale, grayish-red ...... henseraeans O K¢ 440
Shale and limestone; 80 percent grayish-red

shale; 20 percent light-brownish-gray; medium

grained crystalline 1limestone ...eeveecesenen 40 480
Shale, grayish-red .....c.cieiiennnscansnsenas 10 490
Shale and limestone; 90 percent grayish-red

shale; 10 percent light-brownish-gray lime-

STONE tiuvrneneons e et rasaraae ceriesnse 10 500
Shale, pale-red to grayish-red ............... 20 520
Shale and limestone; 20 percent pale-red to

grayish-red shale; 10 percent very light-gray,

medium~grained crystalline limestone ...... .. 10 530
Shale, limestone, and sandstone; 70 percent

pale-red to grayish-red shale; 20 percent

very light-gray, medium~grained crystalline

limestone; 10 percent white, fine-grained

SandsSioNe . ...iiveivsiierirarrsar i ena R ¢ 550
Shale and limestone; 90 percent grayish-red

shale; 10 percent light-gray, medium—grained,

crystalline limestone ....evvivevivosneneases. 10 560
Shale, grayish-red ......... -0t eivenvnsrraner 10 570
Shale and sandstone; 90 percent grayish-red

shale; 10 percent pale-greenish-yellow, very

fine-grained sandstone ........0eeuecnn saeaen 10 580
Shale, sandsione, and limestone; 80 percent

grayish~red shale; 10 percent pale-greenish~

yellow, very fine-grained sandstone; 10 per-

cent light-gray limestone ..... e rss e 10 590
Shale, limestone, and sandstone; 60 percent

grayish-red shale; 20 percent light-gray

limestone; 20 percent light-greenish-yellow,

very fine sandstone .......... G e s e eaen .. 10 600
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TABLE g {continued)
Thickness Depth
Stratigraphic unit and material (feet) {(feet)

12.10.26.3222 Homestake-New Mexico Partners (continued)

TRIASSIC SYSTEM (continued)
Chinle formation (continued)
Shale and limegtone; 80 percent grayish-red

shale; 20 percent light-gray limestone ...... 10 610
Shale, grayish-red .......0ceiervennnn v 20 630
Shale, grayish-red; micaceous ....... e .. 30 660

Shale and sandstone; 80 percent grayish-red

shale; 20 percent light-greenish-yellow,

sandstone, very fine grained ............ ... 10 670G
Shale, grayish-red ......c. it iiieiieninnnnn 10 650
Shale and sandstone; 90 percenl pale-red shale

i0 perceni light-brownish~red very fine-

grained sandstone with calcium carbonate

cement ....... e e e e e a e .. 10 690
Shale, pule-red ..... oo un .. 20 710
Shule and sandstone; 90 percent light-gray

shale; 10 percent light-gray sandstone with

calcium carbonate cement ... .10 720
Shale, light-gray .....ciciiiiniiiineiniinans e 30 750
Shale and sandstone; 70 percent pale-red

shale; 30 percent light~gray, very fine-

grained sandstone ......c.-.. T I ¢ 760
Shale, pale-red; sandstone and limestone less
than 5 percent .....vevr oo oneonnonnans .o 30 750

Shale and silty limestone, 60 percent pale-

brown shale; 40 percent light-gray to medium-

gray grading to moderate-red, silty limestone

with mixed texture ...... O £ 800

PERMIAN SYSTEM:
San Andres limestone:

Sandstone, shale, and limestone; 70 percent

very pale-orange Lo moderale-red, Tine-to

very codarse-grained and granule sandstone

with subrounded 1o angular grains; 15 per-

cent grayish-red shale; 15 percent light-gray .

to medium-gray and moderate-~red limestone ... 10 810
Sandstone and limestone; 80 percent light-gray

to moderate~red, very fine-to medium-grained

sandstone with subrounded to angular grains;

light-gray to medium-gray, medium-grained

crystalline limestone ......ceceesensannennan 10 820
Sandstone and limestone; 90 percent moderatfe-

red, very fine-to medium-grained sandstone

with subrounded to subangular grains and cal-

cium carbonate cement; 10 percent light-gray

to medium~gray, medium-grained crystalline

Limestone ........ Ceesae e O A ¢ 830
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TABLE 6 (continued)
Thickness Depth
Stratigraphic unit and material (feet) (feet)

12.10.26.322a Homestake~New Mexico Partners (continued)

PERMIAN SYSTEM (continued)
San Andres limestone (continued)
Sandstone and limestone; 95 percent yellowish-
orange Lo moderate-red, fine-to medium-grained
sandstone with subrounded to angular grains
and calcium carbonate cement; 5 percent light-
gray to moderate-gray, medium-grained crystal-
line 1imestione ......civrevennsronssnscassnses 10 840
Sandstone, moderate-red, fine-to medium-
grained, subrounded to angular with calcium
carbonate cement ..... chieare b eas e 10 850
Sand, pale-yellowish-brown, very fine to coarse
and granular, rounded to angular; 85 percent
frosted quartz ........ Cesrerrsearensasnenaenes 20 870

12.10.,27.431 W. A, Murray

QUATERNARY SYSTEM:
Valley £ill:

Sandstone, grayish-orange, fine- to very coarse

grained, rounded to subrounded, frosted quartz

70 percent, very friable .......iieiiavenne... 10 10
Sandstone, grayish-orange, fine- to very coarse

grained, rounded to subrounded; frosted quartz

70 percent; subangular fragment of moderate-

red vesicular lava 1 mm across; very friable . 10 20
Same as above, except without lava fragments .. 20 40
Sand, grayish-orange, fine to coarse, rounded

to angular; frosted quartz 60 percent ........ 20 60

Sand, grayish-orange, very fine to medium,
rounded to subangular; frosted quartz 60 per-~
CEAT ittt tniresvasavsnsrsncscsrsasnnsansrass 30 90

TRIASSIC SYSTEM:
Chinle formation:

Shale and sand; 80 percent grayish-red shale;

20 percent grayisb-orange fine to coarse, sub-

rounded to angular grains of frosted quartz

E=E= X + L« H U Ceeenn O £4 100
Shale, limestone, and sand; 90 percent grayish-

red shale; 5 percent light-gray limestone; 5

percent fine to coarse, subrounded to sub-

angular frosted quart® gund cecescesvrescasesss 20 120
Shale, sandstone, limestone, and sand; 80 per-

cent grayish-purple shale; 10 percent light-

gray to light-brownish-gray, very fine-grained,

subrounded sandstone; 5 percent light-medium-

gray limestone; 5 percent fine to medium, sub-

rounded, frosted quartz sand .....c.ve000a0000 30 150
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TABLE 6 (continued)
Thickness Depth
Siratigraphic unit and material (feet) (feectl)

12.10.27.431 W. A, Murray {(continued)

TRIASSIC SYSTEM {(continued)
Chinle formation {continued)

Limestone, gravel, and shale; 80 percent light-

medium-gray, finely crystalline limestone;

10 percent subrounded gravel; grayish-purple

o - - 10 160
Limestone, gravel, shale, and sandstone; 70

percent light-medium~gray, finely crystalline

limestone, 10 percent subrounded gravel; 10

percent grayish-~purple shale, 10 percent gray-

ish-yellow sandsfone with calcium carbonate

cement; sand grains very fine, subrounded and

White ...ttt tnnrnesnsaasnsana 10 170
Shale, limestone, and sandstone; 70 percent

moderate-red shale; 20 percent light-medium-

gray limestone; 10 percent light-gray, very

fine-~grained sandstone .......cc00u0n ceaanees 20 180
Shale and limestone; 20 percent moderate-red

shale; 10 percent medium-gray, finely crystal-

line limestone ........c.ciiiininrennnnnnnan .. 10 200
Shale, moderate~red; contains subrounded fossil

fragments ..., ininriaterarancanaaen vea. 10 210
Shale and limestone; 90 percent moderate-red

shale; 10 percent medium-gray limestone ...... 20 230

Shale, limestone, and sandstone; 80 percent
grayish-red shale; 15 percent medium-gray,
finely crystalline limestone; 5 percent

greenish-gray, very fine-~grained sandstone ... 30 260
Shale and limestone; 90 percent grayish-red

shale; 10 percent medium-gray limestone ...... 10 270
Shale, grayish-red .......vvivnrisnisnescsnsa.. 30 300

Shale and limestone; 70 percent grayish-red

shale; 30 percent light-medium-gray, finely

crystalline limestone ........vviuvevnnenans-a. 10 310
Shale, grayish-red ........ et a e 10 320
Shale, limestone, and gravel; 70 percent gray-

ish-red shale; 25 percent medium-gray, finely

crystalline limestone; 5 percent subrounded

gravel ... iiiiiennnn. et r e e e 10 330
Shale and limestone; 80 percent grayish-red

shale; 20 percent medium-gray, finely crystal-

line limestone ......... e ar i s .. 40 370
Shale and limestone; 60 percent grayish~red

shale; 40 percent medium-gray, finely crystal-

line limestone .......civuiinneinnnncnncnrnsnss 30 400
Limestone and shale; 50 percent medium-gray,

finely crystalline lime stone; 30 percent gray-

ish-red shale ... ...ivieeiinrnranarsiasnnanns .. 30 430
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TABLE 6 {(continued)
Thickness Depth
.Stratigraphic unit and material (feet) (feet)

12.10.27.431 W. A. Murray {continued)

TRIASSIC SYSTEM (continued)
Chinle formation (continued)
Limestone, shale, and sandstone; 45 percent

medium-gray, finely crystalline limestone;

45 percent grayish-red shale; 10 percent

light-olive~gray, fine—grained sandstone

with subrounded grains and calcium carbonate

cement ...euasoa N Ce ettt 30 460
Shale and limestone; 60 percent grayish-red

and medium-dark-gray, calcareocus shale; 40

percent medium-gray, finely crystalline lime-

STONE v i isenrerrnnsssrorssranrnans 1 480
Shale and sandstone; 70 percent moderate-red

and grayish-red-purple shale; 30 percent

grayish-orange and moderate-red, very fine-

grained sandstone with subrounded to sub-

ANgUlaY ZrAINS sisssssssssvstosnnnnnasans seeaa 10 480
Shale, moderate-red and grayish-red; micaceous 20 510
Shale and sandstone; 90 percent moderate-red

and grayish-red micaceous shale; 10 percent

moderate-red sandstone with very fine, sub-

rounded grains and calcarecus cement ........ 10 520

PERMIAN SYSTEM:
San Andres limestone:

Sandstone, grayish-orange, very fine-to medium-
grained; 90 percent rounded to subrounded and
frosted quartz grains; minor amounts of lime-
stone; very friable ......... crresaenaseaas .. 30 550

Sandstone and limestone; 80 percent grayish-
orange sandstone with very fine to medium
rounded to subrounded, grains very friable;
20 percent medium-gray, finely crystalline
limestone ......... sreatrer s cere 34 584




TABLE 7
NUMBER OF LARGE-CAPACITY WELLS, ACREAGE IRRIGATED, GROUND WATER USED, AND PRECIPITATION, 1945-57,
IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX,

Acres irrigated’ Ground water pumped Surface water Bluewater
Number of wells (estimated) {acre-feet, estimated) used for irriga- Precipi- Depar-
Irri- Indus-~ Muani- Ground Surface Irri- Indus~- Muni~ tion (acre~feet, tation  ture
Year gation trial cipal water water gation trial cipal estimated) (inches) {(inches)
1945 7 0 2 1,500 1, 2007 3,500 0 200 2,400% 8.82 -0.82
1946 16 0 2 4,500 0 9,000 0 200 0 : 10.76 +1.12
1847 15 0 2 4,500 0 10,300 0 200 o - -
1948 19 0 2 4,000 1,500 2,300 0 200 4,630 9,36 ~ .28
1949 19 0 2 4,000 1,700 6,900 0 225 4,630 11,05 +1.41
1950 22 0 2 6,000 0 11,800 0 250 0 - -
1951 23 0 2 6,000 0 12,300 0 250 0 - -
1952 23 2 2 5,000 2,000 10,400 300 270 4,5007? 7.71 -1.93
1953 23 3 3 6,000 0 12,000 1,000 320 0 5,41 -4.,23
1954 23 3 4 5,000 0 12,600 1,100 380 0 8.43 -1.21
1955 22 4 4 4,500 0 11,500 1,700 400 0 7.34 ~2,30
1956 18 5 5 3,600 0 9,250 4,500 460 0 3.30 ~6.34
1957 16 4 7 3,300 0 6,750 5,500 550 o 12,.00E +2.36

E - Estimated.

-£20T-



TABLE 8

SUMMARY OF AQUIFER TESTS IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

Pumping Coefficient of Coefficient
rate transmissibility of
Punped well  Observation well Method of analysis Date of test (gpm) (gpd/ft) storage
12.10.35.412 12,10,30.412 recovery v, log t/tl Feb. 1950 1,740 3,400,000 -
30.421  drawdown v. log t/r2 do. 1,740 3,100,000 0.00052
do. recovery v. log t/r’ do. 1,740 3,100,000 .00047
do, log drawdown v. log r2/t do. 1,740 “3,200,600 .00042
do. log recovery v. log r2/t do. 1,740 3,200,000 .00042 .
32,111 drawdown v. log t/r2 do. 1,740 2,300,000 0014 $
do, recovery v. log t/r? do. 1,740 2,200,000 .00097
ds. log drawdown v. log r2/t do. 1,740 2,500,000 .00081
do. log recovery v. log r2/t do. 1,740 2,000,000 .0011
12.11.24.411 12.11.24.411 recovery v. log t/t; Oct. 1951 600 410,000 -
| do. do. do. 775 430,000 -
26,.322a 26.322a do. Oct. 1956 2,830 460,000 -
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TABLE ¢
DISCHARGE, DRAWDOWN, AND SPECIFIC CAPACITIES OF WELLS IN THE
GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

Yield Drawdown below Specific

Rate Date of static level capacity

Location number (gpm)* measurement (feet)# (gpm/ft)
11.10. 4.211 680 6-10-48 11.1 6l
Do . 730 6-22-51 14.6 50
Do. 950 4-24~52 15.1 63
Do. 515 9- 2-53 5.0 76
8.111 760 9- 4-46 13.6 o6
Do. 690 7-10-47 10.8 64
8.122 1,500 8- 5-48 18.2 82
8,221 1,730 7- B-47 11.0 157
Do. 1,826 4-12-49 4,7 388
Do. 1,410 8-31-54 9.9 142
9,221 1,570 4~ T-47 31.8 49
Do. 1,570 9- 2-53 19.5 80
16.121 2,560 7- 9-47 21.1 121
Do. 2,150 6-11-48 34.7 62
Do, 1,700 8-26-~52 25.9 66
i6,121a 2,150 8-31~54 26.7 50
27.241 970 6-21-52 25.0 39
12.16.26.322a 2,830 10-15-56 17.9 158
29.434 900 6- 4-47 29 31
29.434a 1,715 11-11-48 8.6 200
Do. 970 9~ 2-53 16.3 60
30.412 900 9- 4~46 .8 1,100
Do. 1,745 2= 9-50 2.6 670
30.421 1,110 6- 4-47 15 74
32.111 1,600 4- T-47 5.7 280
Do, 2, 100 5-11-48 11.8 178
Do. 1,520 8-25-52 11.8 129
12.11.15.341 540 5~ 6-47 33.4 16
Do, 460 5- 6-47 33.4 14
Do, 400 6~ 5-47 33.4 12
Do. 700 8- 5-48 67.5 10
24.411 600 10-18-51 1.4 428
Do. 775 10-22-51 1.8 430
25.213 2,340 T~ 8~-47 8.8 266
Do, 2,170 8-26~52 16.0 135

* The accuracy of the rates depends on the methods of measuring,
which included orifice meter, current meter, and trajectory.

# The drawdowns not necessarily based on equivalent periods of
pumping.



TABLE 10
CHEMICAL ANALYSES OF WATER FROM WELLS AND SPRINGS IN THE GRANTS-BLUEWATER AREA, VALENCIA COUNTY, N. MEX.

[ T Dissolved I Hsrdness as l [ !
' solids | Cac0a ! N :
? - | g !
2 ‘ ! ]
Ey !
! | i i | s
B i i : | = ~
i 3 i PE | 38
! R NP I ie | 2%
~ i) o H 4 FE P g <o
g =~ 2 2 ) - - N 4 bogl s 3.
] - 2 £ v 81 % = ~1 3 ! 3 4 % @ R N
a o = - Bl — oQ o e =) a o = - = Q@ a
2o < o 3 @ = =1 = H = = @ & | & Fr:
R ~ Ll i g 3 Y @ |7 = 5 - - § 13 a4
= - g - a o 2 = m @ ~ = =3 g - g
= = =2 £« 5 -1 a8 - aal - - . (=% o 1; i g : ke
Q o i M 1 n | [ ] 1 5 = I o y
=N - o = - = a2 - k] a L o - L] o o @ 2 -
Dete | Stratigrapsic) § | 3 = i 3 E i3 = 215 5 = 5 F 5 53 28 =
Location nusber OwneT or nane collected unit sie 9 A “ A < w b hal = & o = “ = - i “ “ &
15, §.'8. 442 | Zidney Gottlieb 5-13-35 |Basalt 517 4r | 206 | 107 418 535 | o feas!l 275i10] 1.8 - 2,280} 2.11 954 466} 49 Zs.a 3,13¢ 7.7
{spring) t
17.323 gidney Gottllsb 12~ 50 {ARluvive 57130 330 |ako $31 | 489 | O 3840 T4 7} 3.M - s,s0e! 7,48; 2,390 8.3 6,840 -
23,34 4o, 12- 8-50 |Cxinle Im. 61) 8.4 22 9.4 142 321 | 0 1167 127 .8 .3 - 468| .64 9 Q 4 754 -
23,400 Horace Sprimgs 5-13-57 IBasslt 61 | s 40 125 238 | 4l 295! es| .8 2.8 - 778| 1.06 562 1621 5 1,170 8.3
36,4493 §ldsey Goitlieb 15~ 8-50 |chinle =, &7 18 30 14 1047 290 | O] W61 By 4] 4.8 - FECHIT) 132 063 13,9 568 =
10,10, 3.423 djo del Galio 12-11-33 }San Andres ia.i61f - 124 | 42 85 338 ; 0 | 90 55 .0 2.8 - 778! 1.06] 482 205, 38 (1.7 - -
(spring) : ; I
Do, do, 10-21-44 do, -1~ 17 40 82 a3 ] o0 278! 4B - 3.8 - 734} 1,00 156 1810 28 11.7 1,020 0 -
Do do. 7-12-46 do. 511 - E0] 41 76 218 ] o 268! 44 7! s.2lo,18 2] 950 443 1821 27 1.6 1,070 -
EREEN Hah Pafzel Village |  5- 7-57 do. €5 | 20 | 107 35 72 | 3% { G 248 4z | .41 3.9 - | 715] .94 =T 88T 27 (LE L 74
well ) . . i :
25.331 Honlco Hirmbal i 8~1555 do. 62121 {108 42 75 34 0 ; 231 80 A 2.7 - 716 97 444 187 | 27 1.8 } 1,150 T.2
Bo. da. T 8- 7-57 do. 63} - - - 70 318 { 0| 248 61 - 2.8] .24 - - 448 165 25 t;.»a 1 1,320 7.6
Do. do. | 5-15-58 da. 81| - - - 762 | 318 | © | 260 63 - - l= - - 456 1 156! 27 l3.6 b 1,10 7.4
27,3332 | Ravor Mirspal 6 7-57 &o. 83| - = = e 25077 0} 198 UL R - = a18 | z1d] B | .3 | 1,000 ]
18.11.17.231 Malpats Spring 12-12-33 [Basalt 40+ - 36 8.0 5.8 48 E [} 5 ad 4| 3.0 - 135 .18 28 ;209 .2 . - 1 -
11, 9.30.122a 0. H. Hawkinson 8- 2-56 |Alluvius - - - - - 5157 ¢ | - 408 - -7 - -y - 550 , 791 - - 1,760 1.7
11,30, 4,211 John Evans §- 548 |fan Andres 1s.|68; « - - - 26 ¢ - | 28’ - - . iom - - - - 872 ‘ -
Do. do., g-10-53 do. - i- - - - 296 | 0 - ¢+ i - - - - . -~ - L= I 1,040, -
Do. do. =155 Za. RS - - = 26 | 0 - | a3, - -1 - =7 - 430 L AR 1,876 | 7.3
Do, do. 7-17-59 g0, 58 | - - - 54 b oze6 | o) 200! m1] - s | - . |- 436 202, 26 ;1.5 ; 1,050 7.5
Do do., 6- 7-57 do. 53 | - - - - sl e 211% 3. a7 e - - 430 25815 | .8 1 1,200 7.6
4,311 do. T 245G da. 57| - - - 28 ; 258 | ol asz! 28 - 18 - -] - 146 23416 : .8 833 8.2
5.212 do. 7-17-56 o, 56| - - - 40 261 | "o | 283] =21l - J15 1 - - 4 - 132 21817 - .8 . 920 ' 7.5
Bo. T do. T & 1-57 do. E G = = 33 68 | G | @851 24 < {12 77 I 448 233 14 § 7 | - T 7.5
8.111 Balvador Milan 7-11-46 do. s81- €0 32 20 225 | 0 1221 8 .7 704 354! .48] 281 96: 14 ; .5 | 581 -
8,111 do. Po10-21-44 do. “ fw 5] 45 38 2535 | 0 | 200 18 -~ 110 - 812, .70 364 1567 19 .9 sos. | -
8,221 4o, I 5-28-54 do. - i - - 38 268 | o | 207] 20| .3[12 | - - - 330 o ! s 856 -
Ba. do. 7-17-58 da, 56| - - - 33 263 ; o [ 2120 23t - (21 - - = 412 | 1896 15 | .7 884 | 7.6
8.343 [N FeiT-55 ds. B2 = = 2% 220 0] 119 ] @8t - 1 B L I T S C RN €05 | 7.8
8,22} Gtanley and Card 7-11-46 do, 55| - w01 ax 51 287 ; 0.0 zZl11 | 205 .7 | 7.3 .07 | $63. .77 380 ; 144323 (1,1 1 856 1 -
8o, do. 7-15-56 do. 56 - - - &2 24 o lzes! 29 - [0 - i - - 444 212 | 23 41.3 1,030 7.6
Do. da. & Tm57 do. 59 1. - - 47 250 ] ol zes! 29| ~ [0 6 - - 452 249 17 | .8 - .5
15,1214 | Prank Wilson 1945(7) da. - - 113 20 55 251 | o lzao! as| - s - 1 wseli.oz 404 - Iz na - P -
To. g0 7-13-46 da 551 - 110 30 45 | @7l | 0 A8 16 | .7 a7 67 | 580| .18y 398 1.9 7 | -
Yo, do. 8- 51 do. 551 - - - - 72| o - 17 | - -1 - - - - - g1 ¢ -
16,1Z2%a Leo Hanosh B-11-53 da. - i- - - - 269 o |- 181 - -1 - - - - - 783 -
Do, da. 7-17-56 do, 55 | - - - as 266 ¢ 9 | 191 180 - |13 | - - - { 376 &L 812 ! 7.8
31,221 Salvsder Milan 5- 7-57  iAlluvivm - ]2s a8 51 39 256 | 0 | 147 15! 4| 8,2 .08 as1! s1l  @ev ‘1.0 ;838 | 7.6
31,242 da. FuBdnEE de 621 = - g« [ 254 6} 168 3T - - TR TR 461 1.6
22,311 ¥. A. Thigpen T-24--56 do. 62| - - - aB= | 214 ;7 0t 238! 57 - - - - P 422 246i L | 942 | 7.6
26.321 Grants City Well 3 ¢ 5- 7-57 do. 60 | ~ - ~ 77 347 | o0 [ 295 S0 - 3l wr ! - | - | 4sc ! 206 28 s im0 T4
2§.321a  [Graots City Well 2 | 10-21-41 | do. - - 97 3z 52 25¢'| o 189! =274 .3 5.7] - 5560 .75, 374 | 136! 23 |12 | 863 -
Bo. do. 6-15-55 | de. 53 :29 l118 | 38 67 228 | o6 255 41] .6 3.8 - yiz! a7, ase | 18z 25 114 1,076 ¢ 7.4
26.321h  |Graots City Well 1 17-16-33 ! do. - 1= 1134 46 115 370 0| 356 78] 4]0 |- $03+ .23 &84 | a0 | 3% E.E | - -
26.321c  |Grants city Well 4 6-27+58 i5an Andres ls.i~ |- § = - 236 | 541 | O | 557 0 155 | - . O T TR 2,10 1 6.0
Do, do, 12-13-58 do, 7315 [ars | 57 2 | 472 | 0] 49 . 120 [ 2] 1,0/ - 11,350 1,97 571 ! 28428 3.2 1,886 ! 7.0
12, 8, 8.431 G. P. Reundy 7-25-5% Chinle fa. s8{- 1 - - 163+ | 246 | 18 57, 82! - - - - - 2 087 20 852 8.9
32,10, i.p32 dv. 7-24-56 do. sTi~ |- - 5,740% 34| 0 1350 4,580 | - -1 = 1 - i« Va4 in4d083 m  }27,600 l 5.8
7.143 Duzne Berryhill 6-27-58 . §an Andres ls.i- 1~ - - 198 2 U [ 85837 126 | - R 735 3247057 3.2 ] 20 | 1.
23.233 7. A. Morris & Som 7-12-46 do. - {- =254 88 379 70z , 0 | 823 . 270 ' 4 s .28 .2,i70! 2.95] 9% | 420 45 5.2 ; 3040 | -
Do. g0, 6- 4-47 do. - e . - - I R e T T BT AT A T R T B
o, da. 8- 4-48 | do. 68 | - i - - - 685 | 0 |- | 2800 - \ R P= j= 1= ¢ oaee 1 -
Do. do. 8-18-49 | do. 88 | - - - - 686 | o | - | as4} - e == - IR 2,860 1 -

See footnotes at end of table.
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10 (continued)

blssulved
solids

Hardness as

Piuoride (¥}
Hitrate (HOgz)
poren (B}

Parts per million

Tahg per acre-foot

Caleviug, Magneaium

Honckrbonate
Percent sodiun

0 93
332 45

7,03
2.43

1.59

Qf 87
323l M4

08! 133

Sodiun edsorption ratie (SAR)
(micrgmhos at 259 )

Bpeclfic canductance

pH

478] 45
281] 28
301; 27
289) 28
259] 31

]
pe——

1527 20
434 25
104} 25
118 17
154} 18

.ag
89

20z

8
185! 9

288! 11 !

-] m

256, 13

315 ET}
2801 18

306, 15 '
266, 16

60’ 71
234 18
278! -
262 15

0 83

Q) Bi

208, 81
o 86

~
=
-
]
H
= ~
- E
3 o (%3 -
e ‘IR I
o - = o hd -
[ 81~ 9 B -1 8 2
12 E] H H I 5
: ~ g - S - & -
ha A a g = bt ]
9 u - -1 I o 13 h
Bl o= 4] ] - = a - o
pate Stratigraphic| § | = = 2 s b 513 7
Lotation number Ouner or name wollected unit L o = @ = ©r o i “
12.10.23.233 T. A, Moryis & Son 10-16-50 San Andres iE. - [:1:2: o}l - |
Bo, do, Gu25-52 da, - e82| 0] ~
Do. do, 8-25-52 do. - 6751 o] -
To. do. 10~ &§-54 do. - 2E0 L
Do. do. B-10~355 do, - 856 gl 772:
23,2378 G. P. Roundy T-12-4§ Chinle fm, 40 3ge; © T3
REG.242 Homeatake~Sapsin §-22.58 St Andrea 1a. 214 517 ;‘ [ B71°
Partners
26,322 Horestako-New 30-15-%56 g6, -3 466 a 467
Mexi<o Partners M
27,244 T. A, Horris & Bon Tn25-56 | Alluvium 57 - 284 B08
27.333 Stsnloy ahd Card 10- §-54 | Ban Andres is,| - - 377 394
Do, H do, 7-17-56 do. &0 - - ki 407
Do. ; do. 5~ 7-57 LCH =] - - 7T 407
27.431 I W, A. Hurrey 7-25-58 do. 5 - Ind 392 a2
29,334 ; stanley and Card 7T-12-46 | AllUvium 55 D E2 232 184
29,4348 | do. 6-28-56 | Ban Andres 18, 55 - - 257 517§
. do, Su14-58 do, 56 - - 263 504
20.112 The Anaconda Co. T-18-56 do. - - - 291 134
. do. 5= 8-57 da, &0 = 285 135
30,242 Jack Freas B-13-53 | Alluvium - - 366 -
Do, do. 6-28-56 do. - - 228 178 I
Do. do. 5= Tn57 do. 82 - 327 172
30.412%» Fred ¥. Freas 1945(?) | San Andres 134 « 158 ABE | 300;
30,412 do. S+10-48 do, 45 130 251 259+
Do, da. 8- 5-48 do. 55 - 346 - 1
Do do. 8-18-49 do. 55 - 349 - i
Do, da, 8- 51 do. 561 - 344 -
Do, do. §-25-52 do. - ’ - aso -
Do. do. 8-15-55 da. - 342 1 270
Do, do. BT 5455 do. = d6+= |, 354 385 65 =
Da. do. T-18~56 da., - 320 ; 30‘” ;
30.421 Miiton Harding 8-1153 do. - 352 -
Do, da, Tr18-56 do, i- I 323 317}
Do, do., 5- T-57 do. } - 315+ 282 |
36,433 Fred W. Freas 19-2]wd4 da. i EX] 298 150}
32,111 The Anaconda Co. Twl2-d8 do, | 126 308 ; 268 |
Bo, do, 6-15-55 do, i - 295 -
Do. do. 7~18-56 do., 1= 241 295
33,444 | 8tanleoy and Card G+28-56 ! Chinle fu. | = 404 | 327
Do { B 5= 757 1 do . - 350 o7
34.214 M. A Murray 7-17-56 do, P- 189 1,540 |
34,412 &, E. Church 8-28-56 | <Chinle and gan - 305 5631
Andres fms, ! '
3.112a Floyd M. Gibha }-2B~58 Chinle 2o, I 251 199
§.114a¥ | Bruce Church Z- 3-48 | San Andres 15, ! 160 450 6321!—
9,424 Leorge W, Rowley 7-12-46 { San Andres and 700 SGRD 2 330
[ Yeso Ims. ! i :
95,4247 do., 1~ 47 da, P P~ 058 -
ERTIH do, 2- a7 do., | I 284 270§ 4270 |
§.424 do. 6-13-58 do. T = i, 600 =
10.334 &. W, Price G~16-58  San Andres 15.! - |- 523 8931
o, do. 8- 7-57 do. e V- 558 752
10,433 Burton C. Johns 5-10+46 do. _! 59 | x78 428 462
Do, ! do. 6~ 5-47 do., - i- 568 525

e N

[ONTRN [T TRUEUIN
Gupaubi-lno
—

@

~LOT—

R R RN R RS ]

I~ e

TR R R

i

o] 88

462{ 28

858] 54 |
i

510° 71

1w

357 581
448 27
532 34
286 35

Sce footnotes a4t end of table.
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TABLE 10 (continued)

=80T~

; ! T I T : | F I B I | I uardness ax | |
- i ! : i ! 3 Tacea : l
s Lo : : j g
| ! | i l i I i i cEa
| T i i 2
' ] i H ! | ' ' !
‘ , Z Co | : 2
: : I 1 : £ ! : ! | LA PRy
: ! § i ; : ; - : o Z
' i L i by & J J = ) B & 5%
i | Pl @ g ¢ | ] N - i P 3 ]
: : oF = | 21E .3 | iy g el | g:
: Sz .12 1 2.2 glstiatale b B . 2R ES
. : PR = 2 [P T A T N Rl A B i & - ER) S a
. K - o k1 - LI - = | L = E < ] L)
1 3| & 2 g E a ot oo ! : S A L i z 1o 4
: S92 el Sl el g1 tggl BlEiy g5 IyE
1 : Ele g3 ! glele i 2 p gl B0 8 B0 412 200 2
: ; PR 2 § Wo| Bla % ) E:E z a1 2 H s 8 Bl
| : ; gz & g ¢ 3 i £33 ;2" g% £, 8 ! E 0% 213 e
i Date | Stravigrapdic| 5| O 3 5 1 3 2R3 02 - g1 30 8! 5 P8¢ 519 ) =
Location number | Owner or nane collected unit == J = | “ @ u i “ ; & L a g . i oo o= & : @ =) a
1 H B 1
12.11.10.431 gnur:on ¢. Jobas 8-11-53 .Sen Andres ls.j- |- - - | -l oo [ - ossf - |- EER D D 2,310 -
Do, i do. IS TR -L I do. 531 - - - - is30 ! 0. | 84l - |- - - - ¢ gm0 ! awel- - ¢ 2,800 7.0
11,334 ;Duane Berryhill . B-37-56 Alluwium end |- |- - - ' 33§ 2470 02 32 - who- - - 0 458 ) 286, 13 I u.vi 969 7.3
i N N i
i : ! basait : ! : : i : i 1 i ! 1
Ba. 1 ds., L 5u gub? | do. 60 | - = d= ! 20 | 243 0  252; 32! - 4 - i o~ i- 0§ 454 | 285412 1 By 425 7.7
13.233% | The Anaconds Co. TT-18-56 - - 13z €79 | 276 1,70 T | 0 5,840 HE 10.5 £,250 ~  7,G20010.2 [ E/836 2,680 A7 | 9.6 1,580 T.6
13.431# do. 7-25-55 | - - - - - e T [ -] 383 - [ I T R 5,750 -
14.213  1Pusne Berryhil: 7-23-56 . Atluvium and 157 - = - ooz bz ool oBl- 0 8 - |- B 278 | 88! 15 .8 604 7.4
: ' baselt Do : i : : P : | : ! .
Do, 1 do. Ge 757 do, 155 | B4 2021 34 ! 33 ! 2pa ] 0 20 17 ‘ 6.6 0 | 558 .18 394 178! 15 ¢ .7 1,020
14,3811 IFred W. Fraas TR ER da. == T4 [ 28 [ 23 | 264 | 0 84 10 Toaer -, 26! .72 440 . 183, 11 © .81 786 | -
Do. i do, Cor-izea8 ! da. ' Pla a1 o1 26 ‘E URNANT: ] 12 L0 .04: 5380 .73 422 1 208 9 1 4. BIO |
po, ! do. i B=11-53 | do, - E “ 1 - {=3;o0|- 52| - i be e e - .- e - 1' 1,120
14.931 G, P, Rounady . T-18-56 | do. - - 1 1L 286 . 0 |88l 28 - B - - - 5 43% @ o225] 5 ¢ .2 844
Do, ! do, 5+ 857 | do. 60 ; - - 1 - 17 oger ! o 198! 811 - I 26| - — =i 440 | 226 8 : .3 Bs8 |
15.211 do. T 6-2¢-56 | SAn Andres is. ssl-— -] @28 | 515 0 . 675 [ 182 . - | 1.0t = A | BT | 448 | 36 § 3.3 2,329 .
Do, de. PoBe 6e5T B do, 59 | - - - 220 © st ! o068 1610 - | .80 1z - - 870 449 36 | 3.2 2,200 |
Do. £ do. 5-14-68 do. 9~ 4. - 254« o s42 0 0 74l 195 - - - L - Gt L g1 | 4pe a8 137 2,430
15,341 |E. C. Freas Los- G-47 ! do. 55 l- | 1531 45 ;98 o384 o0 posaloeteal o 1 oeis n2al s6e | 296 27 1.8 1,340
Da. ; . & 5-48 | do. 55 - - b b 136 0 9 - |- s - e el 1,510
16,730 E. B, Bowiih T 1= 47 [Yeso(m) fm. |~ |- Z3E 100 (1,840 ¢t 930 - 0 3370 | 808~ | .8 - 16,5000 8.84]  oB0 | 25 60 .2B 7595
20.422 id. F. Kielson Doaze as | do. - i- 681 35 © M- 295 1351 467 20 - 5.3 - | M6, .47 a4 500§ .3 536
Ba. . do £-12-53 ! do, - e - g - Po- Pame | 6. - 0 - - - e e - . PR 515
Do, do. 7-18-56 | do. ls7 ] - - - 012 138 0% 30 18 - 1 1. F - oo 0 30377 38 8 .3 60l
22,234 {¢hurch of Latter 8+ 5+47 San Andres ls.{- i- H zes‘ 68 ! 18 1 61 | o 5 BOD 1z - | 4, - 11,240 1.69 943 - 811! 4 i 3 1,52
. Day Sajats : ! i : i : : i H H
Ba. ¥ da. §-11-53 da. == -1 T- | %6l 1 6 ] - 26 - - e s TS - - .- . 1,870
22.322 George W. Rowley 10-20-44 ! - o= !- 168, 53 ' 99 | am ! o iave 58 - s ~ 1,040 1.4 638 | 344,25 1.7 1,470
22.420 {A. Tietgen ; 12-14-33 jSan Andres{?) {- ;- iTe 8 ¢ 76 | 382 & [ a56 . 500 88 . - 941 1.28 618 | 330 21 1.3 -
i : I 1s, b ¢ I ; : i : \ ! : I : :
P : : :
23,231 {G._P. Roundy §- 4-47 |San Andres ls.i~ - i, 30 | 5.4 305 0 p i 158 12 ' - j18 - | 499 68" 426 | 176 3 2 794 -
Do, f da. T 9- &L do. 68 - - = ‘ T 0~ i 1B . - ]- = - - - NI - -
Do é da_ | N-2B-52 i dg. - 23 137 ’ 32 1.2 288 0 i64 i 22 .2 47 - 568 T 474 238 1 a 892 -
Bo. ! do. |o8-12-33 do. i D VR B e . e [ A AT - 0 s -
Do. i do, ! oe-ar-ss do. =i - j- ‘o1z -3’ 0 267 32:- |76 - | - - 528 0 2960 5 ° .2 1,010 7.2
Do. | do. . 7-18-56 ! da, - - - 1. i« 1. P . = 5 314 - (5 (= I . e a1 997 -
Do 1 da. TUETEET &0 @l - - 10, 253 @ . 212 | 34 | - (73 . - - - | &48 . ms. 1 2, 1,030 T
. n4.233 The Ansconda Co. [ L2w BuB5 | do, 58 1- - - P8t 36 . 0 330 5T | - M- - . to sad ¢ o2de 25 e | 1,270 7.2
po. do. ; T-18-56 ] do. 59 [i5 | 14z ! 42 ] 105 351 ¢ 0 358 ;o€ 3 fie - %08l 123 s2v ;240 20 12,0 1,30 7.4
) Do. ! da. ;8- T3 do. - - - - | 124 SR L T LR R By - B34 | 3T 3% ;2.3 | 1,590 7.3
24.334 Poter Chalamidas |  6-28+56 | do. i~ - = [ e i3er . o 's8s! 78 - 1@ " - | - | . gm0 | seeizs 1si L, 470 7.2
Da. ¥ do. TTe- 57 | do. e B S TR R R A T [ = - [{:5) 3% | 22 1.5 - 7.4
24,411 IThe Apscands Co., I 4-23-52 do. 55 ;15 165 i 49 03 | 402 | 0 - 380 k('] , 518 oo 236 1.35‘ 613 254 ;. 27 1.B} 1,480 7.2
Do L do. | 12- 6-55 do. 156 |- - - - |ae3 o0 :ass ea R - - - 556 - 258 26 . 1.7 ¢ 1,3%0 7.5
De. | da, D G- a-58 da. - - - - 82 i 0 282, 3B, - - - - L " -] 273 | 10 S5 1,140 7.4
o, ] do, - T-18-58 do. |56 118 139 0 45 | 85 ;a4 1 0 342 89 | .3 118 . = 883 1.20. 532 1 247 |28 1.8 1,320 7.4
Do, 5 &0, . b T-5T do, |€"n'.) !20 &0 i 56 | 141 ;283 ;0 ; 523 [ L .3 65 .- i1, 180 1.80 630 | 388 : 33 ) F,030 7.5
Do. | EER i 6-14-58 ' do. 88~ o~ 0 - Voo lagy ) g issz| 79 - - - - 1= 1 725 laos - - 1,790 1.3
25.122 i do. | 6-27-36 | da. T - - ! 42 azs | o ore ar - |38 - - - ] 880 293:14 | .8 1,150 7.4
25,213 | da. | T-13-46 da., i 1- 147 49 @3 36 | 0 a56 57 ¢ .8 129 ¢ x50 34 Llig 568 1 268 027 11,7 1,329 -
Do, | o, 9- 51 do. {s¢ |- -~ = - . 881 0 |- 57 i - - - - - - P e e 1,540 -
Do. ! do, T-18-56 da. [57 117 ! 145 ' o2 B& . 338 | o383, 53 ) .3 a0 - - ; 928 1.28! 576 2885 | 25 1.8 1,340 7.4
Po, H do. PoB- T-57 da, 150 ‘21 145 49 810341 . 0 0353, 590 8 I C .33 8020 123 564 | 284 25 | 1.5 1,330 7.2
25,214 ; do. 8-12-53 do. - - i - - 358 0 0 i- ;55 - = - 4. - M [ . 1,320 -
25,312 HBrRCn snd Reid G Am37 da. e 1118 46 66 a23 - o 286! szl i - | 726" Lea 486 | 22223 :1.31| 1,128 -
Do, ! do . T-19-56 1 do, 57 17 177 34 | a7 266 -0 li13g« 161 4" 7,6 - L 48] 61) 332 1 a1z o6 722 7.7
* Zodiug and potassium cencentration computed without regerd to flucride and nitrate cencenirations, 7 sSample contatned precipitated Cad03 a¢ tize of analysis.
*= Analyzed by Universsity of Arizona. ] Sample collected siter 19 hours of centlnuous pusping.

& Sample collected during well driiling process at depth of 178 feet; well cozpleted at $23 feet, # BEfluyent from mill pend, The Anaconda o,
¥ Sazple collected just after pump was started. .
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TABLE 11
COMPARISON OF CHEMICAL ANALYSES OF WATER FROM WELL 12.10.23.233
AND A WELL IN THE SE} SEC. 22, T. 14 N., R, 10 ¥., N. MEX.

12.10.23,233 SE sec, 22, T. 14 N., R. 10 W,
Aug. 10, 1955% Nov. 21, 1956%
ppm epm ppm epm
Calcium - (18.60 262 13.07
Magnesium - { 94 7.73
Sodiwn and Potassium 346 15.05 373 16,20
Carbonate -0 .00 o .00
Bicarbonate 656 10.75 531 8.70
Sulfate 772 16,07 1,030 21.44
Chloride 242 6.82 242 6.82
Hardness as CaCO3 830 - 1,040 -
Noncarbonate 392 - 605 -
Specific conductance
(micromhos at 250 () 2,860 - 3, 100 -
pH 6.8 - 6.7 -

#*Date of collection,

TABLE 12
COMPARISON OF MUNICIPAL-WATER SUPPLIES IN THE GRANTS-BLUEWATER AREA, VALENCIA
COUNTY, N. MEX., WITH RECOMMENDED STANDARDS OF THE U.S. PUBLIC HEALTH SERVICE

Public Health

Standard San Rafael Milan Grants Bluewater

Constituent a b c d e
Iron and manganese 0.3 - - - -
Magnesium 125 39 51 57 68
Sulfate 250 248 147 458 800
Chloride 250 42 15 129 12
Fluoride 1.5 .4 .4 W2 -
Dissolved solids 500f 719 451 1,350 1,240

a. Standards set forth by the U. S. Public Health Service, 1946, Drinkihg-
water standards: Public Health Reports, v. 61, no. 11, p. 371-384.

b, Well 10.10,3,433a; 5-7-57; San Rafael village well,

¢. Well 11.10.21,221; 6-7-57; Salvador Milan.

d. Well 11.10.26,321c; 12-15-58; Grants City well 4.

e, Well 12.11.,22.234; 6-5-47; Church of Latter Day Saints.

f. 1,000 ppm permitted, if water of better quality is not available.
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PLATE 1
GEOLOGIC MAP OF THE GRANTS-BLUEWATER AREA, VALENCIA AND MC KINLEY COUNTIES, N. MEX.

Lower{?) and
Upper Cretacecus

Pleistocene and Recent

Pliocene and
Pleistocene(?)

Upper Cretaceous

Middle and Upper Jurassic

Upper Triassic

Pliocene

$£LB:

EXPLANATION

‘ | Qal ]
—_—
Alluvium

Unconsolidated silt, clay, sand, and gravel. Locally may overlie, intertongue with,

or underlie Quaternary basalt. Yields adequate quantities of water to shallow
wells for stock and domestic supplies at many places, and for irrigation locally

Qbb Qbl Qbm Qbz

Basalt

Dark-gray to black dense to vesicular basalt, ash, and cinders emplaced as low cones
and valley flows.

< Gbb, Bluewater basalt flow

, Qbl, Laguna basalt flow

| Qbm, McCartys basalt Tlow

Gbz, Zuni Canyen basalt flow

Yields adequate quautities of water to shallow wells for stock and domestic

‘ supplies at many places

Qit

Landslide and talus material

Qsl

Spring~deposited limestone

1

e
< QTbe 1

Basaltic cinder cones, plugs, and dikes

1

Te

< Extrusive rocks

Flow rocks capping Horace Mesa and Grants Ridge; include some rhyolite and tuff
breccia; include some small areas of intrusive rocks in East Grants Ridge
- ‘

Kmv

Mesaverde group

Gray to yellowish-buff silty shale and thin- to thick-bedded fine-grained sandstone
and local coal beds. Water~bearing properties in Grants-Bluewater area not
determined; yields adequate quantities of water for stock and domestic supplies
in adjacent areas

Km

Mancos shale

Platy, calcareous dark-gray marine shale; some thick-bedded sandstone in lower part.
Water-bearing properties in Grants-Bluewater area not determined

R
p—

Kd

Dakota sandstone

A

Masglve medium~ to coarse-grained yellowish-buff sandstone, containing interbedded
siltstone locally. Water-bearing properties in Grants-Bluewater area not
determined; yields adequate quantities of water for stock and domestic supplies
in adjacent areas

LN

—

' Jm

Morrison formation

Varicolored claystone and siltstone interbedded with fine- to medium-grained
sandstone. Includes Recapture shale, Westwater Canyon sandstone, and Brushy Basin
shale members. Water-bearing properties in Grants-Bluewater area not determined;
ylelds adequate quantities of water for stock and domestic supplies in adjacent areas

Jsr

s

San Rafael group

Fine- to medium-grained varicolored sandstone, in part silty, and claystone; contains
some limestone in lower part and massive crossbedded reddish-brown to orange
sandstone in basal part. Includes or is equivalent to Zuni sandstone, Entrada
sandstone, Todilto limestone, Summerville formation, and Bluff sandstone. Yields
adequate quantities of water for stock and domestic supplies in northern and
eastern parts of area
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Wingate sandstone

Massive crossbedded/reddish«brown to orange sandstone. Yields adequate water for
stock and domestic supplies
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Chinle formation

Variegated slltstone and mudstone containing interbedded silty and conglomeratic
sandstone. Contains some thin beds of limestone in the upper part, a thick
sandstone unit near the middle, and considerable sandstone in the lower part;
coarse-grained to conglomeratic sandstone occurs locally in basal part. Dixided
Rcu, upper part
kcem, middle part
kel , lower part
The sandstone units yield asdequate guantities of water for stock and domestic
supplles
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San Andres limestone

Thick-bedded to massive light-gray limestone, sandy limestone, and limy sandstone.
The limestone is locally cavernous. Yields adequate quantities of water for
irrigation, industrial, and municipal supplies
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Glorieta sandstone

Thick-bedded to massive well-sorted medium-grained white to yellowish-gray sandstone
with limonitic flecks. Some siltstone interbedded in lower part. Yields water
to irrigation, industrial, and municipal wells. Contributes wvater »y vertical
leakage to the San Andres limestone 1n areas of heavy pumpage from the San Audreg
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Yeso formation

Orange to red siltstone and fine-grained silty sandstone, containing a few thin beds
of limestone in the lower middle part and thick-bedded to massive crossbedded
fine-grained silty sandstone in basal part. Partly gypsiferous. Ylelds adequate
quantities of water for stock and domestic supplies
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Abo formation

Dark-brick-red to reddish-brown arkosic sandstone and siltstone; partly conglomeratic
in besal part. Water-bearing properties in Grants-Bluewater area not determined.
Includes strata of possible Pennsylvanian age
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Precambrian rocks undivided
Granite, gneiss, metarhyolite, schist, and greenstone
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Contact between geologic formations
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Fault; dashed where approximately located or doubtful; dotted where covered
(D, downthrown block; U, upthrown block)
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